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 ABSTRACT 
Rice blast, caused by Pyricularia oryzae (teleomorph: Magnaporthe grisea), is one of the most 
economically important diseases of rice worldwide, including Arkansas. Rice blast has been 
severe the past few years on conventional cultivars and, more recently, has been observed on 
hybrid rice cultivars. The first objective of the current research was to examine the genotypic and 
phenotypic variation in the P. oryzae population in Arkansas during the 2009, 2010, and 2011 
growing seasons and compare isolates from conventional cultivars with those from and hybrids. 
A total of 904 isolates were recovered from symptomatic rice cultivars in Arkansas and were 
examined for their genotypic and phenotypic diversity. The isolates were evaluated for 
vegetative compatibility, MGR586 DNA fingerprint diversity, SSR marker diversity, and 
virulence on a set of 40 commercial cultivars or advanced breeding lines as well as hybrid 
cultivars. Examination of isolates indicated that three and of the four known VCGs were present 
(VCGs US-01, 02, and 04) and that one VCG (US-01) predominated (>50%). Using SSR 
markers, MGR586 fingerprint, and virulence tests, the genotypic and phenotypic differences 
between lineages of P. oryzae from Arkansas were examined. Most of the isolates collected from 
hybrids showed a similar genotype and phenotype as the isolates recovered from conventional 
cultivars. Three atypical isolates, recovered from Plant Introduction accessions grown in Texas, 
had unique MGR586 fingerprints and could not be assigned to one of the known VCGs. One of 
the three isolates appeared to have a unique virulence phenotype and two of the isolates were not 
virulent on any of the rice germplasm tested. Population analysis could continue to provide a 
better understanding of pathogen virulence evolution, assist in screening for disease resistance, 
and help develop strategies to breed for durable resistance to blast disease.  In addition, a second 
objective was to evaluate the stability of the AVR-Pita gene in-vitro. Previous research found 
 structural variation of the AVR-Pita gene among field isolates. Examination of AVR-Pita over an 
eight week in-vitro experiment indicated that the AVR-Pita sequence were stable. 
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INTRODUCTION 
 Rice (Oryza sativa) is the most important staple food for more than half of the world’s 
population. The largest rice producing and consuming area is Asia where 60% of the world’s 
people live (Khush and Jena, 2009). Developing countries have long depended on rice for its 
versatility and high caloric value. Since the adoption of the green revolution technology, rice 
production has increased during the last four decades (Aureus, 2011). However, the growth rate 
of rice production has consistently slowed from 2.49 % from 1970-1990, 1.70% from 1990-
2000, and 1.21% from 2000-2006 (Khush and Jena, 2009).  The world rice price however, has 
shown an upward trend in the international market in recent years (Khush and Jena, 2009). 
Although production rates are decreasing, the number of rice consumers continues to increase 
and thus demand continues to rise.  The world population in 2050 is estimated will likely reach 9 
billion (U.S. Bureau of the Census, 2009). According to various estimates, we will have to 
produce 30% more rice by 2030 to meet demands (Khush and Jena, 2009).  To meet this 
challenge, rice cultivars that are high yielding, stress tolerant and disease-resistance are needed 
to meet the world’s demand for rice.  
Although the United States produces less than 2% of the world’s rice, it is a major 
exporter, accounting for more than 10% of the annual volume of global rice trade (USDA, 2009). 
Rice grown in the United States is often of superior quality and represents a significant 
contribution to the global rice market (Childs and Burdett, 2000). In the United States, four 
regions produce almost the entire U.S. rice crop: the Arkansas Grand Prairie, the Mississippi 
Delta (parts of Arkansas, Mississippi, Missouri, and Louisiana), the Gulf Coast (Texas and 
Southwest Louisiana), and the Sacramento valley of California (USDA, 2009). Arkansas is the 
largest rice producing state in the U. S. with annual production accounting for about 45.5% of 
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the total U.S. production and 47.7% of the total acres planted to rice in 2009 (USDA, 2009).  
Since 1972, the rice consumption in the U.S. has more than doubled (MacLean, 1997). 
Rice blast disease, caused by the ascomycete fungus Pyricularia oryzae Cavara. 
(teleomorph Magnaporthe oryzae B.C. Couch is one of the most important and potentially 
devastating diseases of rice (Ou, 1985). It was first recorded as rice fever disease in China in 
1637 and was later described as imochi-byo in Japan in 1704 (Wang, 2009). The pathogen is 
currently reported to be present in over 85 countries worldwide. The fungus can attack the aerial 
parts of the rice plant at any stage of growth, including leaves, sheaths, nodes, and panicles. 
Neck blast, where infection occurs on the node below the panicle, can cause breakage of the 
panicle or poorly developed grain (Webster et al., 1992). When the environment is favorable for 
disease development, neck blast can cause significant yield losses (Suzuki, 1975; Baker et al., 
1997).   
Disease management practices that can be used to manage rice blast include the use of 
resistant cultivars, fungicides, proper nitrogen management, and the prevention of moisture stress 
(Cartwright et al., 2011). Fungicides often are expensive, have limited efficacy, and may have 
adverse effects on the environment. The excessive application of nitrogen fertilizer and improper 
flood management also may increase disease incidence and severity (Kurschner, et al., 1992; 
TeBeest et al., 1994). The most effective option for managing rice blast disease is the use of 
blast-resistant rice cultivars (Ou, 1985; Valent, 1997). Most blast-resistant cultivars employ 
major genes for resistance. However, there is a problem with the use of major gene resistance to 
control rice blast in that it is often ―short-lived‖ (Correa-Victoria and Zeigler, 1993). That means 
resistance can become ineffective when new races of P. oryzae develop which can infect the 
resistant cultivar (Ou, 1985). 
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 Resistance instability may occur due to a number of factors including the introduction of 
new races into a geographical area, the presence of indigenous races which occur at a low 
frequency in the population but increase upon cultivation of a new cultivar, mutation of pathogen 
genotypes, and the sexual or asexual recombination of virulence factors. The high variability in 
pathogenicity and virulence among rice blast isolates continues to present challenges to plant 
breeders to develop rice cultivars with durable resistance to the rice blast pathogen (Correll et al., 
2009).  
 The Pi-ta R gene has been effective in managing rice blast in the southeast production 
areas of the US since its release in 1990 (Boza et al., 2005). Pi-ta-based resistant cultivars 
including Katy, Drew, Kaybonnet, Madison, Cybonnet, Ahrent have been utilized (Zhou, et al., 
2007). However, in 2004, epidemics were observed on the cultivar Banks in several fields in 
several different counties in Arkansas (Lee et al., 2005). Previous research found structural 
variation of the AVR-Pita gene among field isolates (Zhou et al., 2007, Dai, 2010). However, one 
hypothesis is that AVR-Pita may be unstable even in the absence of selection pressure. 
 The first objective is to characterize the genotypic and phenotypic diversity of P. oryzae 
in the contemporary rice blast pathogen population in Arkansas. The second objective is to 
evaluate the stability of the AVR-Pita gene in vitro. 
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CHAPTER I 
 
Genotypic and phenotypic diversity of Pyricularia oryzae in the contemporary rice blast 
pathogen population in Arkansas 
ABSTRACT 
Rice blast, caused by Pyricularia oryzae, is one of the most economically important diseases of 
rice worldwide. It is also one of the most important diseases of rice in Arkansas. Rice blast has 
been severe on conventional cultivars for the past few years. In recent years in Arkansas, the 
acreage of hybrid rice cultivars has been steadily increasing. More recently, rice blast has been 
observed on hybrid rice cultivars. Earlier studies of the pathogen focused on 
pathogenic/virulence variability, while more recent studies have utilized genetic and molecular 
markers to characterize population diversity. The first objective of the current research was to 
examine the genotypic and phenotypic variation in the P. oryzae population in Arkansas during 
the 2009, 2010, and 2011 growing seasons and compare isolates from conventional cultivars 
with those from and hybrids. A total of 904 isolates were recovered from symptomatic rice 
cultivars in Arkansas and were examined for their genotypic and phenotypic diversity. The 
isolates were evaluated for vegetative compatibility, MGR586 DNA fingerprint diversity, SSR 
marker diversity, and virulence on a set of 40 commercial cultivars or advanced breeding lines as 
well as hybrid cultivars. Examination of isolates indicated that three and of the four known 
VCGs were present (VCGs US-01, 02, and 04) and that one VCG (US-01) predominated (>50%). 
These data are consistent with previous observations. The genotypic data indicated that the VCG, 
MGR586, and SSR markers all demarcated the same four lineages found in the contemporary 
population. Using SSR markers, MGR586 fingerprint, and virulence tests, the genotypic and 
phenotypic differences between lineages of P. oryzae from Arkansas were observed. Most of the 
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isolates collected from hybrids showed a similar genotype and phenotype as the isolates 
recovered from conventional cultivars. However, three unique isolates had unique MGR586 
fingerprints and could not be assigned to one of the know VCGs. One of the three isolates 
appeared to have a unique virulence phenotype and two of the isolates were not virulent on any 
of the rice germplasm tested. Population analysis could continue to provide a better 
understanding of pathogen virulence evolution, assist in screening for disease resistance, and 
help develop strategies to breed for durable resistance to blast disease. 
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INTRODUCTION 
 Rice blast disease, caused by Pyricularia oryzae, is one of the most economically 
important diseases that threatens rice production worldwide (Ou 1985). The disease management 
practices for rice blast include the use of resistant cultivars, fungicides, proper nitrogen 
management, and the prevention of moisture stress (Cartwright et al., 2011). Using blast-resistant 
rice cultivars is considered the most effective option (Valent, 1997). However, the resistance can 
become ineffective when new races of P. oryzae occurs (Ou, 1985). The ―short-lived‖ resistance 
may be caused by a number of factors including the mutation of the pathogen, the introduction of 
new race of pathogen, the presence of indigenous races which occur at a low frequency in the 
population but increase upon cultivation of a new cultivar. The study of pathogen population is 
very important for the plant breeders to develop rice cultivars with durable resistance to rice blast 
disease (Correll et al., 2009).  
 Populations of the rice blast pathogen from throughout the world have been studied for 
their phenotypic and genotypic variation (Chen et al., 1995; 2006; Correa-Victoria et al., 1993; 
1994; 1995; Dai et al., 2010; Don et al., 1999; Park et al, 2003; Roumen et al. 1997). Earlier 
studies focused on pathotypic variability, while recent studies have utilized genetic and 
molecular markers to characterize population diversity. A number of molecular markers, 
including restriction fragment length polymorphism (RFLP), repetitive-based polymerase chain 
reaction (rep-PCR) markers, random amplified polymorphic DNA (RAPD), amplified fragment 
length polymorphism (AFLP), and simple sequence repeats (SSR), have been used to examine 
population diversity of rice blast pathogen. RFLP markers generated by MGR586, a repeated and 
dispersed sequence related to DNA transposable element, have been the most popular markers. 
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Restriction Fragment Length Polymorphism (RFLP) In RFLP analysis, the DNA 
sample is broken into pieces (digested) by restriction enzymes and the resulting restriction 
fragments are separated according to their sizes by gel electrophoresis, and transferred to a 
membrane via capillary force. Hybridization of the membrane to a labeled DNA probe then 
determines the size of the fragments which are complementary to the probe. 
Hamer et al. (1989) identified a family of dispersed repetitive DNA sequences within the 
genome of P. oryzae. These transposable repetitive sequences, designed ―MGR‖ for M. grisea 
repeat, have become useful tools for examining genetic diversity and characterizing isolates into 
distinct genetic lineages (Xia et al., 1995). Lineages are defined as isolates which have more than 
80% of MGR586 DNA fragments in common and are thought to represent distinct clonal 
lineages. Isolates of P. oryzae that are pathogenic on rice typically have forty to fifty copies of 
this repeat sequence per genome (Hamer, 1991). Isolates of P. oryzae that do not infect rice 
normally have only a few copies of the MGR sequence. 
Many researchers use the MGR586 probe, combined with the RFLP technique, to analyze 
the population genetics and virulence of P. oryzae (Boza 2005; Chen et al., 2006; Correll et al, 
2000; 2009; Levy et al. 1993; Park et al., 2003; Roumen et al., 1997; Xia et a., 1993; Xia et al., 
2000). Levy et al. (1991) initially examined the relationship between virulence and distinct 
genetic groups or lineages. According to the examination of a total of 42 isolates of P. oryzae 
collected from the United States over a 30 year period span, they found that DNA fingerprinting 
with MGR586 probe was diagnostic for seven of the eight pathotypes sampled and identified 
eight distinct clonal lineages. Xia et al. (1993) reported that four distinct fingerprint groups 
designated A, B, C, and D, were present among the isolates they examined.  In 2000, Xia et al. 
and Correll et al., examined the genotype of a total of 470 filed isolates, and four MGR586 DNA 
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fingerprint lineages were identified in the contemporary rice blast population. However, among 
isolates collected after 2000, only three MGR586 DNA fingerprint lineages were identified in the 
contemporary population (Correll et al., 2009). These data indicated that the level of genetic 
diversity of the rice blast population in Arkansas was relatively low. Zeigler et al. (1995) studied 
the relationship between phylogeny and pathotype of P. oryzae among isolates collected from 
two sites in the Philippines. They concluded that a very high degree of virulence diversity was 
present and a complex relationship existed between lineage and pathotype. 
Rep-PCR The repetitive-based polymerase chain reaction (rep-PCR) was developed by 
George et al. in 1998. This method generated DNA fingerprinting by amplifying sequences 
between randomly dispersed copies of the repeat element in a genome. George et al. (1998) 
employed a rep-PCR assay to analyze the population of P. oryzae and they demonstrated the 
close correspondence between the lineages defined by rep-PCR and MGR586 RFLP analysis. 
The polymorphisms detected by the PCR method closely corresponded to those generated by 
MGR586 in a collection of P. oryzae isolates that represent clonal lineages from Philippines as 
well as a highly diverse population from India. DNA fingerprinting by rep-PCR provides an 
efficient means to monitor the population dynamics of the blast pathogen (Chen et al., 2006). 
Because of the method’s low cost and ease in application, it is now feasible to conduct large-
scale population studies to understand the impact of host genotypes on pathogen evolution (Le et 
al., 2010). 
Random Amplified Polymorphic DNA (RAPD) The RAPD technique uses a single 
arbitrary sequence primer which is usually 10 bases long (Ross, 1995). RAPD was initially one 
of the more popular markers used in population diversity studies due to the simplicity of the 
approach as no sequence information of the organism was needed. There are many reports of the 
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use of RAPD technique in P. oryzae population genetics studies (Ross, 1995; Sharma et al., 
2002; Rathour et al., 2004; Chadha and Gopalakrishna, 2005; Sirithunya et al., 2008). However, 
the RAPD approach has subsequently been shown to have problems with reproducibility. 
Amplified Fragment Length Polymorphism (AFLP) AFLP-PCR is a highly sensitive 
method for detecting polymorphisms in DNA. There are many advantages to AFLP when 
compared to other marker technologies including randomly amplified polymorphic DNA 
(RAPD), restriction fragment length polymorphism (RFLP), and microsatellites. AFLP has a 
higher reproducibility, resolution, and sensitivity at the whole genome level compared to other 
techniques (Mueller et al. 1999). He et al. (2002) used 94 pairs of AFLP primers to analyze 3 
wild isolates and 9 mutant isolates of P. oryzae. The results closely corresponded to those 
generated by MGR586 probe and Pot2-PCR. Because of the technical demands of the AFLP 
technique, it has not been widely used in the study of P. oryzae populations.  
Microsatellites (SSR) Microsatellite, simple sequence repeats, or tandem repeats, are 
repeating sequences of 1-6 base pairs of DNA that occur throughout the eukaryotic genome. 
Length polymorphism arises from variations in the number of repeated units. Microsatellites 
have several advantages as markers are highly polymorphic, multi-allelic, markers that are highly 
reproducible and easily detected by PCR (Maroof et al., 1994). It is one of the most promising 
markers for population studies.   
SSR markers have been used to analyze the diversity and structure of P. oryzae 
populations worldwide (Adreit, et al., 2007; Kaye et al., 2003; Tharreau et al., 2009). Tharreau et 
al. (2009) genotyped more than 17,000 P. oryzae isolates, which were collected from 40 
countries during 1999 to 2006, by using 13 SSR markers. Their results showed evidence for 
geographic structuring. They found that genotypes of European isolates are similar. Genotypes of 
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isolates from Madagascar are also similar, but very different from European genotypes and 
significantly different from genotypes from Indonesia. This may be caused by the limited 
migrations between the regions. However, genotypes from the North Americas do not cluster 
with isolates from same geographical origins but showed more diversity. This is similar with the 
genotypes from Asia. This result suggests intercontinental migrations.  
Vegetative compatibility also has been used to characterize genetic diversity among 
isolates of the rice blast pathogen. (Correll et al., 1987; Correll et al., 1988; Correll et al., 1993; 
Correll et al., 2000). Vegetative compatibility in fungi is controlled by vegetative incompatibility 
(vic) loci and is homogenic in most fungi (Leslie, 1993). Therefore, two isolates are only 
vegetatively compatible if they have identical alleles at all vic loci. Indirect hyphal fusion is one 
method to assess vegetative compatibility in many fungi. Vegetative incompatibility barriers 
have been demonstrated in most ascomycete fungi that have been examined. The study of 
vegetative compatibility in P. oryzae has not been well documented (Crawford et al., 1986). In 
1997, Zeigler et al. proposed that hyphal fusions did occur among some isolates of P. oryzae and 
presented strong circumstantial evidence that parasexual genetic exchange occurred between 
these isolates.  Correll et al. (2000) proved the existence of vegetative incompatibility barriers in 
P. oryzae isolates. They also found that there was a complete correspondence between vegetative 
compatibility groups and MGR586 lineage.  A total of 527 contemporary isolates were collected 
from Arkansas, Louisiana, Missouri, Mississippi, and Texas. All isolates in MGR586 lineages A, 
B, C, and D belonged to VCGs designed as US-01, US-02, US-03, and US-04, respectively. 
Thus, VCGs should be a useful means for characterizing genetic structure in populations of the 
rice blast fungus worldwide and provide a useful genetic framework to assist in interpreting 
molecular population data.      
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 Hybrid rice has become a major source of rice production since the 1970s (Yan et al., 
2010). Hybrid rice is produced through obtaining crosses between two genetically different 
inbred parents (Deliberto et al., 2011). Compared with traditional cultivars, hybrid rice can have 
as much as 15% or more yield advantage (Li et al., 2009). In Arkansas, the planted acreage of 
hybrids has increased from less than 1% of the rice land in 2003 to almost 40% in 2011 (Wilson 
et al., 2010; Yan et al., 2010). 
Hybrid rice varieties, which combine high yield with high disease resistance, are used to 
defend against rice blast disease, especially in situations that strongly favor blast (Delta Farm 
Press, 2010). However, the rice blast fungus can adapt to the hybrids, and eventually result in a 
new race of fungus that can infect them (Delta Farm Press, 2010).  
 Many studies have been conducted to improve disease management of rice blast disease. 
However, rice blast is still a major problem in rice production areas and can severely impact 
yield under favorable conditions. In 2009, the rainy summer in Arkansas was very favorable for 
rice blast disease, which caused up to 80% yield loss in severely affected fields (Delta Farm 
Press, 2010). 
The first objective of this research was to characterize the genotypic and phenotypic 
diversity of rice blast pathogen collected from contemporary rice cultivars in the 2009-2010 
growing seasons in Arkansas using vegetative compatibility groups, MGR586 repetitive probes, 
SSR markers and pathogenicity tests. The hypothesis examined was that isolates of P. oryzae 
display consistent genotypic and phenotypic diversity as previous years. 
The second objective of this research was to do genotypic and phenotypic comparison of 
isolates from conventional and hybrid cultivars in Arkansas, using vegetative compatibility 
groups, MGR586 repetitive probes, and pathogenicity tests. The hypothesis was that isolates of 
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P. oryzae from hybrid cultivars may be distinct from those recovered from conventional 
cultivars.  
The understanding of genetic diversity in populations of P. oryzae will likely benefit the 
development of management practices for rice blast disease. 
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MATERIALS AND METHODS 
Source of Isolates 
A total of 904 field isolates of P. oryzae were recovered from symptomatic rice necks and 
panicles in 2009, 2010 and 2011 growing seasons in Arkansas from 23 counties, 26 cultivars and 
lines (Table 1; Fig 2). Of the 904 isolates, 461 isolates were recovered from 21 cultivars sampled 
from 19 counties in 2009; 393 isolates were recovered from 12 cultivars sampled from 17 
counties in 2010; 50 isolates were recovered in 2011. 
In 2010, 37 and 29 isolates were recovered from the hybrid cultivars CLX745 and 
CLX729, respectively. The 37 isolates were all recovered from two symptomatic necks, and the 
29 isolates were all recovered from one symptomatic neck. In 2011, 42 isolates were recovered 
from three hybrids sampled by Dr. Lee from the Pine Tree Research Experiment Station of 
University of Arkansas, and eight isolates were recovered from three accessions grown in Alvin, 
Texas (seed provided by Dr. Yan from the Dale Bumpers National Rice Research Center).  
Although 21 cultivars and breeding lines were sampled, about 80.4% of the isolates 
recovered in 2009 were isolated from seven predominant rice cultivars in Arkansas (Table 1). In 
2009, approximately 17, 14, 13, 12, 10, 7, and 6% of the isolates were recovered from cultivar 
Wells, Jupiter, CL151, Bowman, Francis, Cheniere, and CL142, respectively. Wells and Jupiter 
were the most widely sampled cultivars having been sampled from 9 counties in 2009. The other 
19.6% of the isolates were collected from cultivars and breeding lines such as Bengal, CL111, 
CL131, CL171, Cocodrie, M206, Neptune, Roy J, RU0801030, RU0801076, RU0801145, 
Templeton and Taggart.  
In 2010, about 79.6% of the isolates were isolated from five predominant rice cultivars 
(Table 1). Approximately 27, 19, 14, 11, and 9 % of the isolates were recovered from cultivar 
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CL151, Wells, CL261, Francis, and Jupiter, respectively. CL151 was the most widely sampled 
cultivar having been sampled from 8 counties in 2010. Other isolates were collected from 
Cheniere, Pique, and CL142.  
In 2011, 42isolates were recovered from three hybrid cultivars (XL723, CLXL729, or 
CLXL745). Three isolates were collected from Jumli dhan (PI549224), 3 isolates were from UZ 
ROSZ 5 (PI282207), and 2 isolates were collected from 6360 (PI177224) (Table 1).  
Isolation Procedure  
Rice neck tissue or panicles with symptoms of rice blast were sampled throughout 
Arkansas rice production fields. Air dried panicles were placed in paper bags, returned to the 
laboratory prior to isolation. Symptomatic rice necks or panicles were trimmed to approximately 
7 cm, and incubated at room temperature at 100% relative humidity overnight to induce 
sporulation. Conidia of P. oryzae were removed from either panicle nodes (necks) or panicles 
with a sterile loop and spread onto 3% water agar medium and incubated at room temperature 
overnight. Single germinating conidia were isolated under the microscope and transferred to new 
water agar medium. After 7-10 days, a small piece of mycelia were cut from the edge of the 
culture and then transferred onto rice bran agar with sterile filter paper placed as previously 
described (Xia et al., 1993). When the mycelium reached the edge of the filter paper, the 
colonized filter paper was removed from the medium, air-dried in sterile petri dishes, and stored 
in sterile envelopes at -20 °C.  
Vegetative Compatibility Groups (VCGs) 
 All the isolates were tested for vegetative compatibility. P. oryzae mycelia plugs were 
transferred from the colony edge of the rice brain agar (RBA) to a minimal medium (MM) 
(dextrose, 10.0 g; KH2PO4, 1.0 g; K2HPO4, 0.1 g; MgSO4·7H2O, 0.5 g; CaCl2·H2O, 0.1 g; 
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NaNO3, 2.0 g; a B-complex vitamin solution, 10.0 ml; a trace element solution, 0.2 ml; a FeSO4 
solution, 0.2 ml; and 1 liter of deionized water) amended with potassium chlorate (KClO3, 50 
g/liter) (MMC) as previously described (Correll et al, 2000).The B-complex vitamin solution 
contained: thiamine HCl, 60.0 mg; biotin, 300.0 µl; ethanol, 100 ml; and deionized H2O, 100.0 
ml. The trace element solution contained: citric acid, 10.0 g; ZnSO4·7H2O, 10.0 g; FeNH4 
(SO4)2·12H2O, 2.0 g; CuSO4·5H2O, 0.5 g; MnSO4·H2O, 0.1 g; NaMoO4·1H2O, 0.1 g; and 
deionized H2O, 190 ml. The FeSO4 solution contained FeSO4, 2.5 g and deionized H2O, 250 ml. 
 Nitrate nonutilizing (nit) mutants were generated on plates of 5% MMC medium. 
Cultures were examined 3 to 5 weeks for the formation of spontaneous, fast-growing sectors 
which originated from the initially restricted colonies. Sectors were transferred to MM and 
examined after 5 to 7 days. Sectors that grew as thin, expansive colonies with little or no aerial 
mycelium in contrast to the wild-type growth were designated as nitrate nonutilizing (nit) 
mutants as previously described (Correll at al., 2000).  
 Nit mutants were paired by placing mycelia transfers of each nit mutant approximately 2 
cm apart from the tester on MM as previously described (Correll et al., 2000). A total of nine 
reference isolates [A598/53NA, LO1-4/60NA, 75A49/67NA, A264/53NA, BM1-24/70NA, 
BM1-24/60N, 75A1/68NA and CA205/83NC], representing the four contemporary VCGs found 
in the rice blast population were used to assign isolates to a VCG (Appendix 2). Pairing tests 
were evaluated over a 12-16 day period.  
MGR586 fingerprints 
 A total of 87 isolates were selected to do the MGR586 fingerprinting based on their VCG 
diversity. Within these isolates, 84 of the 87 isolates were recovered from conventional cultivars. 
Three isolates that were recovered from Plant Introductions lines from Alvin, Texas were also 
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selected to do the MGR586 fingerprint. Isolates JUM2, UZR3, and 63603 represent one isolate 
from each of the three cultivars. Among the 84 isolates, a total of 27 isolates belonged to VCG 
US-01, 25 isolates were from VCG US-02 and 23 were from VCG US-04, respectively (Table 
4). Three reference isolates that belonged to group VCG US-03 were used (Table 4).  
 The fungal isolates were grown in complete nutrient media broth (sucrose 30 g/L, NaNO3 
2g/L, KH2PO4-monobasic 1 g/L, MgSO4-7H2O 0.5 g/L, KCl 0.5 g/L, FeSO4-7H2O 10 mg/L, 
trace element solution 0.2 ml/L, casein acid hydrolysate 2 g/L, yeast extract 1 g/L, vitamin 
solution 10 ml/L) for 5-7 days in a rotating shaker at room temperature as previously described 
(Correll et al., 1993). The mycelia were then harvested, frozen, and lyophilized for 24 hours, and 
grinded to a fine power by with liquid nitrogen by using a mortar and pestle. Nuclear DNA was 
extracted according to a modified mini-prep procedure described previously (Correll et al. 2000). 
Briefly, about 0.25g of finely grounded mycelium was placed into a 2-ml micro-tube and 
dispersed into 1.3 ml of extraction buffer (1M Tris- HCl, 5M NaCl, 0.5 EDTA, 10% SDS) at 
room temperature for 30 min, and centrifuged at 13,000 rpm for 5 min. After incubation, 
supernatant was poured into a new 2-ml micro-tube and 1 ml of SEVAG (24:1 
cloroform/isoamyl alcohol) were added and centrifuged for 5 minutes at 12,000 rpm. Supernatant 
was poured into a new 2-ml micro-tube and 10 µl RNAse was added and samples were incubated 
for 45 minutes at 37 °C incubator. After incubation, 1 ml of SEVAG was added and centrifuged 
for 5 minutes at 12,000 rpm. The aqueous top phase was transferred to a new 2-ml micro-tube 
and mixed with 100 µl (1/10 volume) of 3 M NaOAC (pH 5.2) and 1 ml isopropanol. After being 
centrifuged for 30 seconds at 14,000 rpm, the supernatant was poured outside. The nucleic acid 
pellets were re-suspended in 360 µl TE (10 mM Tris HCl, 1 mM EDTA, pH 7.4) and then 
precipitated by adding 180 µl 7.5 M NH4OAC and centrifuged for 20 minutes at 14,000 rpm at 4 
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°C. Supernatant was precipitated with 1 ml 95% ethanol and centrifuged for 5 minutes at 14, 000 
rpm at 4 °C to form pellets. Pellets were washed twice with 70% ethanol. Nucleic acid pellet was 
dried in 65°C oven for 10-15 minutes and then dissolved in 50-100 µl of TE buffer (10 mM Tris 
HCl; 0.1 mM EDTA, pH 8.0). DNA concentration was quantified using a Nanodrop ND-1000 
spectophotometer (Nanodrop Technologies, Wilmington, DE).  
 DNA was digested overnight with the restriction enzyme EcoRI. Digested genomic DNA 
(1.0 µl per lane) was separated in a 0.8% agarose TAE(0.5X) gel for 40 h at 30 volts using a 
20×25 cm gel electrophoresis apparatus. After electrophoresis, gel was incubated for 40 min in 
denaturation buffer (1.5 M NaCl, 0.5 M NaOH) and then for 55 min in neutralization buffer (1.5 
M NaCl, 0.5 M Tris HCl, pH 7.5). Unidirectional capillary transfer of DNA to nylon + 
membrane (Hybondn+, Amersham, Arlington Heights, IL) was conducted overnight using 10X 
SSC (0.55 M Na3Citrate; 1.5 M NaCl, pH=7.0) as the transfer solution. After blotting, DNA was 
then fixed to the nylon membrane by UV cross-linking (FB-UVXL-1000, FisherBiotech-Fisher 
Scientific). 
 An ECL gene detection kit (Amersham Corp., Arlington Heights, IL) was used to label 
the MGR586 probe. Prehybridization and hybridization reactions were conducted according to 
the manufacturer’s instructions in a hybridization oven at 42 °C. MGR586 was labeled according 
to the ECL, and control DNA (Lambda/HindIII) was also labeled to detect the molecular weight 
marker on the blot. The membranes were washed twice for 20 min in primary buffer (6 M urea, 
0.4% SDS, 0.5X SSC) at 42 °C, and twice 5-min washes in 2X SSC at room temperature. Blots 
were incubated with detection reagents according to manufacturer’s instructions and wrapped in 
plastic wrap. Film (Hyperfilm-ECL, Amersham) was placed over the membranes and exposed 
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for 10-60 min depending on strength of the enzyme reaction signal. The film was developed and 
the resulting bands of DNA were evaluated visually.  
 MGR586 lineages were assigned based on similarity in DNA fingerprints when genomic 
DNA was digested with EcoRI as previously described (Xia et al. 1993). All DNA fragments 
detected with the MGR586 probe between 1 and 24 kb were scored for their presence or absence. 
Jaccard’s coefficients were calculated for the pairwise comparisons with the formula a/(n-d) 
where a = the number of bands shared by a given pair of isolates, and n – d = the total number of 
bands for that pair of isolates. Cluster analysis was performed on the similarity coefficients by 
the unweight pair-group method, arithmetic mean (UPGMA) using the SAHN option of NTSYS. 
Dendrograms were generated using the following procedure in NTSYSpc: Similarity SimQual – 
Coefficient J, SAHN using clustering method UPGMA, and TreeView. Isolates with greater than 
80% fragment similarity (Xia, 1993) were assigned to the same fingerprint group.  
SSR markers 
All of the 84 isolates collected from conventional cultivars that were used for MGR 
fingerprinting also were examined for diversity with SSR markers (Table 4). All the SSR 
markers were designed based on the Pyricularia oryzae sequence in GenBank with web-based 
software website (http://wsmartins.net/websat/).  SSR markers used in this experiment to 
examine the population diversity of P. oryzae are listed in Table 3.  
 DNA of P. oryzae used for SSR marker analysis was extracted by using a quick method. 
A small piece of colonized filter paper (0.5cm× 0.5cm) was cut and placed in a 1.5 ml micro-
tube with 100 µl TE buffer. The micro-tube was sealed and placed into boiled water for 5 min 
and centrifuged for 5 min at 13,000 rpm. A volume of 50 µl supernatant was transferred to 
another micro-tube with 50 µl TE buffer. DNA concentration was quantified using Nanodrop 
ND-1000 spectophotometer.  
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 PCR amplifications were performed in 25 µl volumes containing: 16.5 µl sterile distilled 
water, 40 ng fungal DNA, 5 µM of each primer, 0.8 mM dNTPs, 2.0 mM MgCl2, 2.5 mM 
10×reaction buffer, and 2 unit of DNA Taq polymerase. For amplification, and Eppendorf 
thermo cycler (MJ Research PTC-100 PCR System) was programmed for 5 min at 94ºC; 12 
cycles of 30s at 94ºC, 30s at 65ºC, and 1 min at 72ºC; 23 cycles of 30s at 94 ºC, 30s at 56 ºC, and 
1 min at 72 ºC; with a final extension period at 72 ºC for 5 min. The amplified products were 
separated electrophoretically in 3% agarose gels in 0.5× Tris-acetate-EDTA (TAE) buffer, and 
were detected by staining with GelRed-safe and fluorescence UV illumination. Molecular 
weights of the bands were determined by comparison with a standard molecular weight marker. 
SSR groups are divided according to the polymorphisms identified by 6 pairs of SSR markers. 
The isolates that exhibit identical allele size on the 6 SSR loci were defined as the same group, 
which is designated as 1, 2, 3 and 4.  
Internal transcribed spacer (ITS) region sequencing 
The Internal transcribed spacer (ITS) region of 3 atypical isolates (list isolates here) were 
sequenced to confirm that the isolates were Pyricularia oryzae. The DNA of the isolates was 
extracted according to the procedure described in SSR marker analysis. The DNA sequences 
were examined after PCR amplification with ITS primers (Forward 5’- 
TCCGTAGGTGAACCTGCGG-3’; reverse 5’-TCCTCCGCTTATTGATATGC-3’). PCR 
amplifications were performed in 100 µl volumes containing: 66 µl sterile distilled water, 160 ng 
fungal DNA, 10 µM of each primer, 3.2 mM dNTPs, 8 mM MgCl2, 10 mM 10×reaction buffer, 
and 4 unit of DNA Taq polymerase. For PCR amplification Eppendorf thermo cycler (MJ 
Research PTC-100 PCR System) was programmed for 5 min at 94ºC; 35 cycles of 30s at 94ºC, 
30s at 60ºC, and 30s min at 72ºC; with a final extension period at 72 ºC for 5 min. The PCR 
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products were separated by electrophoresis on 2.0% agarose gels in 0.5× TAE buffer, and were 
detected by staining with GelRed-safe and fluorescence UV illumination. Molecular weights of 
the bands were determined by comparison with a standard 100 bp molecular weight marker.  
PCR products were then purified using a QIAquick PCR purification Kit (Qiagen) 
following the manufacturer’s instructions. Purified DNA was quantified in a Nanodrop ND-1000 
spectophotometer and sequenced at the University of Arkansas DNA Resource Center 
(Fayetteville, AR), using and Applied Biosystems BigDye Terminator Cycle Sequencing Kit and 
an automatic DNA sequencer (ABR Prism 3100 Genetic Analyzer, Applied Biosystems). 
Sequences were visualized in Chromas (Technelysium, Southport, Queensland, Australia). 
Sequences were analyzed using BLAST (Basic Local Alignment Search Tool) program 
(National Center for Biotechnology Information, National Library of Medicine, Bethesda, MD). 
Pathogenicity tests 
Several different pathogenicity tests were conducted with the isolates obtained over the 
2009, 2010 and 2011 growing seasons. 
Pathogenicity test 1 
 In the first pathogenicity test, a total of 39 commercial cultivars were inoculated using 11 
reference rice blast isolates (Table 5). The reference isolates have been used in previous tests to 
screen rice germplasm for disease reaction (Boza, 2005). The experiment contained two 
replications and was conducted a single time. The results were identical in two replications. 
Pathogenicity test 2 
 In a second inoculation test, a total of 30 isolates collected in the 2009 growing season 
were used to characterize virulence diversity (Table 6, Table 7). The isolates were selected based 
on their VCG diversity, cultivar of origin, and county from which they originally were collected 
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from. Pathogenicity tests were carried out on a total of 40 commercial cultivars (Table 6, 7, 8 and 
9). The 30 isolates used included 15 isolates which  belonged to VCG US-01, 6 to US-02, 3 to 
US-03, and 6 to US-04, respectively (Table 6, Table 7). Each experiment included two 
replications and the experiment was conducted at least twice.  
Pathogenicity test 3 
 A total of 11 isolates collected in 2010 and 2011 were used to characterize virulence 
diversity among isolates collected from hybrid cultivars (Table 8). The isolates used in this test 
were selected based on their VCGs. Isolates RAD8 and FR4 belonged to VCG US-01. RAB1 
and WH1 belonged to US-04. HYA5 and HYB9 were recovered from hybrid cultivar CLXL745. 
HYC3 and HYC17 were recovered from hybrid cultivar CLXL729.  Other three isolates were 
recovered from Jumli Dhan, UZ ROSZ 5, and 6360, respectively. Each experiment included two 
replications and the experiment was conducted twice. The results were identical. 
Pathogenicity test 4 
A total of 9 isolates collected in 2009 and 2011 were used to characterize virulence 
diversity among isolates collected from hybrid cultivars from Dr. Fleet Lee (Table 9). The 
isolates were selected based on their VCGs. Isolate RAD8 was collected in 2009 and belonged to 
VCG US-01. Isolate PCB7 was collected in 2009 and belonged to VCG US-02. Other isolates 
were all recovered by Dr. Fleet Lee. Each experiment included two replications and the 
experiment was conducted at least twice.  
Pathogenicity test 5 
A total of 8 isolates were then used in the pathogenicity test on a set of 20 rice cultivars 
(Table 10). Three isolates, RAD8, PCB7, and WE2, were isolates collected from conventional 
cultivars in 2009. Isolates 45H and 56H were collected in 2011 by Dr. Lee from hybrid 
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CLXL729. Isolates JUM1, UZR2, and 63603 were from 3 Plant Introduction accession (list lines 
here) cultivars. In the 20 cultivars used in this pathogenicity test, 10 were hybrid cultivars and 10 
were conventional cultivars. Of the conventional cultivars, 5 cultivars, M204, Bowman, Chenier, 
Francis, and Jazzman were susceptible to most of the isolates. The other 5 cultivars, RU0701124, 
CL131, JES, Templeton, and Banks were resistant to most of the isolates. Each experiment 
included two replications and the experiment was conducted twice. The results of the experiment 
were identical. 
Plant production for pathogenicity tests 
 Approximately 10-15 seeds per cultivar were planted in a mixture of 2:1 local soil and 
Sunshine LC1 potting mix in a 50.8×35.5×6.9 cm Dyna-Flat
TM 
(Hummert International) plastic 
tray in a 40 wells format and grown in a greenhouse with temperature of 28-30 °C. Iron sulphate 
was applied at a rate of 8-10 g per tray every other week after germinating. Fertilization with 
Miracle-Gro (Stern’s Miracle-Gro products, Port Washington, NY) was applied at a rate of 
approximately 1.5g/L once every week after planting. Inoculation was conducted when plants 
were grown to the 3-4 leaf-stages (approximately 2-3 weeks).  
Inoculum production and inoculations 
 Conidia were collected from 8- to 10-day-old cultures grown on RBA by washing the 
agar surface with sterile water. Conidia were diluted to a concentration of 2×10
5 
conidia per 
milliliter. Each tray was sprayed with 50 ml of inoculums with a compressed-air sprayer and 
incubated in a dew chamber at 100% relative humidity at approximately 21-22 °C for 24h. Plants 
were then placed back into the greenhouse and scored for disease symptoms 7 days after 
inoculation. 
Disease rating 
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 Rice seedlings were scored for disease severity  using a 0-9 scale (Fig 1): 0 = No 
infection observed; 1 = Small brown specks, pinpoint infections small < 1 mm; 2 = Small 
rounded infections with open centers, lesion small < 2 mm; 3 = Small infections with open 
centers beginning to expand but small < 3 mm; 4 = Typical susceptible blast lesions with 
expanding open centers > 3 mm on < 10% of the leaf area evaluated; 5 = Susceptible type lesions 
with expanding open centers on 10-25% of the leaf area evaluated; 6 = Susceptible type lesions 
with expanding open centers on 26-50% of the leaf area evaluated; 7 = Susceptible type lesions 
with expanding open centers on 51-75% of the leaf area evaluated ; 8= Susceptible type lesions 
with expanding open centers on 76-90% of the leaf area evaluated ; 9 = Susceptible type lesions 
with expanding open centers on > 90% of the leaf area evaluated .  A reaction of 0-3 was 
considered resistant and ≥ 4 susceptible. 
Disease severity rating analysis 
 The isolates were grouped based on their pathogenicity reaction (either resistance with an 
average disease rating of 0-3.5 or susceptible with an average disease rating of 3.5-9). A matrix 
table was generated and simple matching (SM) coefficient of similarity were calculated with the 
formula m/n where m=the number of matches shared by a given pair of cultivars, and n=the total 
number of sample size for that pair of isolates. Cluster analysis was performed on the similarity 
coefficients by the unweighted paired-group method, arithmetic mean UPGMA procedure using 
NTSYSpc software version 2.10 W (Exeter Software, Setauket, NY). Dendrograms were 
generated by the following procedure in NTSYSpc: Similarity SimQual-Coefficient SM, SAHN 
using clustering method UPGMA.  
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RESULTS 
VCG test 
A total of 904 isolates of P. oryzae were collected in 2009, 2010, and 2011 and examined 
for vegetative compatibility. Overall, of the 904 isolates examined that were recovered from 26 
cultivars or lines, 880 could be assigned to one of three VCGs previously identified (US-01, US-
02, and US-04). A total of 24 isolates could not be assigned to a VCG. The majority of the 
isolates collected in 2009, 2010, and 2011 (> 60 % of the isolates) belonged to a single (Table 2).  
In 2009, 250, 47, and 164 isolates belong to VCG US-01, US-02, and US-04, respectively 
(Table 2). In 2010, 251, 18, and 108 isolates belonged to VCG US-01, US-02, and US-04, 
respectively (Table 2). The 37 Isolates collected from the hybrid cultivar CLXL745 in 2010 
belong to US-04, while the 29 isolates collected from the hybrid CLXL729 in 2010 belong to 
US-01 (Table 1 and 2).  
A total of 50 isolates were recovered in 2011 (Table 1). Of the 42 isolates collected from 
the three hybrid cultivars in 2011, 41 belonged to VCG US-01 and a single isolate belonged to 
VCG US-02 (Table 1 and 2). Nit mutants were failed to be recovered from Jumli Dhan and 6360. 
Nits mutants were able to be recovered from UZ ROSZ 5, but none of the nit mutants paired with 
any of the VCG testers and thus, these isolates could not be assigned to a VCG.  
MGR586 fingerprints groups 
Based on the VCG tests results, a subset of 84 field isolates of P. oryzae and 3 atypical 
isolates were selected and analyzed for their molecular diversity based on the MGR586 DNA 
fingerprinting probe. Among these 27, 25, and 23 isolates belonged to VCG US-01, US-02, and 
US-04, respectively Table 4). Three isolates (ZN4, A119, and ZN61), collected from a previous 
study prior to 2009 belonged to VCG US-03 and three atypical isolates (JUM2, UZR3, and 
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63603) could not be assigned to a VCG (Table 4). Molecular characterization based on MGR586 
indicated that the MGR586 DNA fingerprint lineages (A, B, C, and D) corresponded to VCGs 
US-01, 02, 03, and 04, respectively (Table 4; Fig. 3). The 3 atypical isolates, however, did not 
match any of the MGR586 fingerprints groups (Figs. 3 and 4).  
SSR markers analysis 
The 84 field isolates that were used in the MGR analysis were also subjected to analysis 
with 6 SSR markers. The six pairs of SSR primers were selected based on a preliminary study to 
identify SSR markers that amplified DNA of P. oryzae and markers that were polymorphic 
among the MGR groups. The six SSR markers used were PG29, PG26, PG15, MG12, MG16, 
and MG18 (Table 3).  
Analysis with SSR marker PG29 (Fig 5), indicated that MGR586 Group B can readily be 
separated by having a larger (~500 bp) fragment size than isolates in the other MGR groups. 
Group A and Group D have the similar fragments in the 300 bp size range. The fragments from 
group C are a little bit bigger than Group A and Group D. There were also polymorphisms 
apparent among some of the MGR586 Group B isolates. 
 Analysis with SSR marker PG26 (Fig 6), indicated that MGR586 Group B can readily be 
separated by having a larger (~500 bp) fragment size than isolates in other MGR groups. Group 
A and Group C have the similar fragments in the 300 bp size range. The fragments from Group 
D are a little bit smaller than Group A and Group C. There was no polymorphism apparent 
among the isolates in each MGR586 group. 
 Analysis with SSR marker MG12 (Fig 7), indicated that MGR586 Group B can readily 
be separated by having a larger (~500 bp) fragment size than isolates in other MGR groups. 
Group A, Group C, and Group D have the similar fragments that were a little bit smaller than 
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Group B. There was polymorphism apparent among some of the isolates in the same MGR586 
group.  
 Analysis with SSR marker MG16 (Fig 8), indicated that MGR586 Group C can readily 
be separated by having a smaller (~300 bp) fragment size than isolates in other MGR groups. 
Group A and Group B have the similar fragments that were a little bit smaller than Group D. 
There were polymorphisms apparent among some of the MGR586 Group D isolates. 
 Analysis with SSR marker PG15 (Fig 9), indicated that MGR586 Group C can readily be 
separated from other MGR586 groups by having a smaller (~300) fragment size than isolates in 
other MGR groups. There was no polymorphism apparent among the isolates within the same 
MGR586 group.  
 Analysis with SSR marker MG18 (Fig 10), indicated that MGR586 Group A can be 
separated from other MGR586 groups by having a smaller (~300) fragment size than isolates in 
other MGR groups. There was no polymorphism apparent among the isolates within the same 
MGR586 group.  
 In combination, the SSR markers could distinguish the four MGR586 groups examined. 
In addition, there was a strong correspondence between the MGR586 group and the SSR groups 
identified among the isolates examined.  
Internal transcribed spacer (ITS) region sequencing 
 Three atypical isolates (JUM2, UZR3, and 63603) examined appeared to be unique based 
on the VCG analysis and the MGR586 analysis. Thus, the three isolates were examined for ITS 
sequence variation to confirm their identity as P. oryzae. Sequences analysis using BLAST 
showed that the three atypical isolates, JUM2, UZR3, and 63603, had a match of 98%, 100%, 
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and 100% with P. oryzae sequence respectively. This result confirmed their identity as P.  
oryzae. The sequences were included in Appendix 3. 
Pathogenicity tests 
Pathogenicity test 1 
For pathogenicity test 1, 39 commercial cultivars and breeding lines were inoculated 
using 11 reference isolates of P. oryzae (Table 5).  This set of 39 rice differentials was able to 
discriminate 8 of the 11 reference isolates based on disease reaction (Table 5). However, race 
―IB-49‖, race ―IB-1‖, and race ―IC-1‖ could not be discriminated based on this set of 
differentials. IB33 was the most virulent isolates. All the cultivars were susceptible to IB33 
except RU0701124 and Zhe733. IB54, however, was only virulent to Bowman, Francis, 
Jazzman, RU0801076, RU0901145, Taggart, Lagrue, and Shufeng121.   
Pathogenicity test 2 
A subset of 15, 6, 3, and 6 isolates (Table 6), collected 2009 and belonging to VCG US-
01, US-02, US-03, and US-04, respectively, were evaluated for disease reactions under 
greenhouse conditions using a set of 40 differentials (Table 6 and 7). Isolates from VCG US-01 
could be distinguished based on virulence reactions on the set of 40 rice differentials and 
breeding lines (Table 7). Isolates from VCG US-04 also could be distinguished based on the 
virulence reaction on this set of 40 rice differentials. Isolates from VCG US-02 and VCG US-03 
could not be distinguished based on the virulence reaction on this set of 40 rice differentials. In 
particular, the isolates belonged to VCG US-01 were virulent on six rice cultivars, including 
Bengal, CL151, CL161, CL171, Neptune and Wells. This type of disease reaction is consistent 
with a virulence phenotype seen with reference isolates from race IB-49 (isolate A598; MGR586 
group A, IC-1(isolate ZN46; MGR586 group A), and IB-1(isolates ZN7; MGR586 group B) 
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(Table 5, Table 7).  Isolates belonged to VCG US-02 and VCG US-03 were virulent on CL151, 
CL161, CL171AR, and Wells, but avirulent on Bengal and Neptune. This type of reaction is 
consistent with a virulence phenotype seen with reference isolates from race IC-17, (isolate 
A598264; MGR586 group B). Isolates belonged to VCG US-04 were avirulent to Bengal, 
CL151, CL161, CL171AR, and Wells. Some isolates from VCG US-04 were virulent on 
Neptune, but some were avirulent. All the isolates were virulent to M204, Bowman, Cheniere, 
Francis, Jazzman, Jupiter, RU0901145, and Lagrue. All the isolates were avirulent to Arize 
1003, Catahoula, CL131, Cybonnet, JES, RTXL723, RU0701124, RU0801030, RU0901041, 
Templeton, Banks, Drew, Katy, Kaybonnet, Shufeng121, and Zhe733 (Table 7). Cultivar 
CLX111 and CLX745 showed segregation with some isolates. The isolates were from VCG US-
01, US-02, US-03, and US-04. 
A dengrogram was generated with NTSYSpc 2.10 using UPGMA analysis and bootstrap 
analysis was performed using Winboot software. The cluster analysis indicated that the isolates 
from VCG US-04 formed a unique group. All the isolates from VCG US-01, except one isolate 
SH1, formed a group. The isolates from VCG US-02 also formed a unique group. The isolates 
from VCG US-03, however, cannot form a unique group (Fig 11).  
Pathogenicity test 3  
In pathogenicity test 3 (Table 8), isolates collected from hybrid cultivars in 2010, 3 
atypical isolates, and 4 isolates collected from conventional cultivars in 2009 were tested for 
virulence reactions against the set of 40 differential cultivars. The two isolates, HYC3 and 
HYC17, which belong to VCG US-01, showed similar disease reaction to isolates RAD8 and 
FR4, which also belong to VCG US-01. Two isolates, HYA5 and HYB9, which belong to VCG 
US-04 showed similar disease reactions as isolates RAB1 and WH1, which also belong to VCG 
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US-04. However, 2 of the 3 atypical isolates were not pathogenic to any of the rice lines tested, 
while another isolate showed similar reaction as isolates as those that belonged to VCG US-04 
(Table 8).  
Pathogenicity test 4 
In pathogenicity test 4, 2 isolates sampled from non-hybrid cultivar in 2009 growing 
season and 7 isolates sampled from hybrid cultivar from Dr. Lee were tested for virulence 
reactions against the primary set of differential cultivars. The 7 isolates collected from Dr. Lee 
showed the similar pathogenic reaction as the isolates from 2009 (Table 8, Table 9).  
Pathogenicity test 5 
A total of 20 cultivars, including 10 inbred lines, were used to test the pathogenicity of 
the isolates collected from non-hybrid cultivars and hybrid cultivars (Table 10). The results of 
this pathogenicity test did not show significant difference among the isolates, except JUM1 and 
UZR2, the two atypical isolates. Isolates JUM1 and UZR2 did not cause any symptoms on any 
cultivars, which is the same as previous test (Table 8). Other isolates were all virulent to inbred 
cultivar CLXL729, and non-inbred cultivar M204, Bowman, Chenier, Francis, and Jazzman. 
Inbred cultivar CLXP752, and CLXL745 showed segregation reaction to isolates RAD8, WE2, 
and 56H.  
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DISCUSSION 
In this study, the genotypic and phenotypic diversity of the rice blast pathogen population 
collected in 2009-2011 growing seasons in Arkansas were tested by using VCG analysis, 
MGR586 fingerprinting, SSR analysis, and pathogenicity/virulence tests. Previous population 
studies indicated that there were eight MGR586 DNA fingerprint groups (designated A-H), but 
only four fingerprint groups were found in the contemporary population in Arkansas (A, B, C 
and D) (Correll et al., 2000 and 2009). Since 2000, only three DNA fingerprint groups (Group A, 
B, and D) have been recovered (Boza 2005). In this study, these three groups have also been 
consistently recovered from rice fields in Arkansas during the 2009 and 2010 growing seasons.  
VCG US-01 clearly was still the most predominant group in Arkansas during this survey 
period. This is similar to the result of previous studies (Correll et al., 2009). Group US-01 was 
widely distributed in the state and was recovered from a wide range of cultivars. Group US-04 
was the second most predominant group in this survey period where 30.5% of the isolates 
collected belonged to Group US-04. This was a higher frequency group US-04 isolates compared 
to frequencies of 0%, 0%, 0.2%, 0.6%, and 0.4% of group US-04 in 2006, 2005, 2004, 2003, and 
2002, respectively.  Group US-04 was recovered with a high frequency from cultivars Jupiter 
followed by Bowman and CL261. Group US-02 isolates were the third most predominant group 
(Boza et al., 2005). Only 7.3% of the isolates collected were from Group US-02.  Most of the 
isolates from Group US-02 were collected from the cultivars Francis and Wells.  
It is not known if the bias in certain genetic groups is caused by the cultivars from which 
isolates were recovered from. However, the wide distributed range and consistently high 
frequency of Group US-01 isolates under Arkansas production conditions. The increase of the 
Group US-04 isolates may be caused by the increased planting acreage of Jupiter (Wilson et al., 
33 
2010). According to the data in 2009, the medium-grain acreage more than doubled in 2009 from 
100,000 acres in 2008 to almost 225,000 acres in 2009, mostly Jupiter.  
A strong correspondence between MGR586 fingerprint, VCG and SSR among the 
isolates of P. oryzae was observed in this study. There was a complete correspondence between 
MGR586 DNA fingerprint group and VCG for the 84 isolates examined. That means all isolates 
that belonged to MGR586 fingerprint group A, B, C, or D belonged to VCG US-01, US-02, US-
03, and US-04, respectively. SSR markers, as new tools to study the population diversity 
between different genetic groups, also corresponded to the MGR586 DNA fingerprint. In other 
words, isolates that belonged to different MGR586 groups or VCGs can be identified by the SSR 
based PCR amplification. Compared to RFLP-based MGR586 DNA fingerprinting and VCG, 
SSR analysis has a lot of advantages in that is a less labor-intensive technique and is less 
expensive. In addition the SSR technique allows larger samples to be examined at one time. The 
polymorphism within the same MGR586 DNA fingerprint or VCG was also observed by using 
SSR markers.  
The correspondence of the genotype and phenotype of the isolates was examined by 
comparing the pathogenicity test results of isolates from different genetic groups.  Over all, the 
isolates from the same VCG showed a similar virulence phenotype on a differential set of rice 
cultivars used under greenhouse conditions. Group US-01 had a virulence phenotype similar to 
those isolates that belonged to race IB-49. Group US-02 and Group US-03 had a virulence 
phenotype similar to those isolates that belonged to race IC-17. Isolates from Group US-04, can 
be easily separated by the pathogenicity test results on Bengal, CL151, CL161, CL171, and 
Wells. There is also virulence diversity found within the same genetic group.  
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Four isolates collected from cultivar CLXL745 and CLXL729 in 2010, and 7 isolates 
collected from cultivar CLXL723, CLXL745 and CLXL729 showed a similar virulence 
phenotype. However, the isolates HYA5 and HYB9 collected from CLXL745 in the field did not 
cause disease on CLXL745 under greenhouse condition. Similar results were observed from the 
seven isolates from Dr. Lee. One reason to explain this result is that the environment condition in 
the greenhouse and the field is different. Many factors can cause the different virulence reaction 
of the pathogen, such as temperature, soil, water, and the growth condition of the plants. The 
isolate HYC3 and HYC17 were collected from CLXL729, and they can cause disease on 
CLXL729 under greenhouse condition. It is very important to study the pathogen that was able to 
infect hybrid cultivars. Hybrids cultivars were more resistant to rice blast disease. The isolates 
that were able to overcome the resistance in hybrid cultivars have more potential to cause disease 
on other cultivars and more yield loss.  
Two isolates collected from Jumli Dhan, and UZ ROSZ 5 did not cause any symptoms on 
the differential lines used in this research. The genotypic diversity test showed that the isolates 
collected from Jumli Dhan, UZ ROSZ 5, and 6360 were different from the isolates collected 
from conventional cultivars. The 3 atypical isolates did not belong to any of the 4 predominant 
VCGs/MGR586 fingerprint groups in Arkansas. More researches need to be carried out to 
characterize the 3 atypical isolates.  
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Table 1. The origin of field isolates of P. oryzae collected during 2009, 2010 and 2011 in Arkansas.  
Year 
Number 
of Isolates  
Cultivar County 
2009 79 Wells Butler Co. MO, Clay, Crittenden, Jackson, Lawrence, Mississippi, Poinsett, Prairie, White 
2009 69 Jupiter Arkansas, Clay, Crittenden, Greene, Jackson, Phillips, Prairie, Randolph, White 
2009 62 CL-151 Craighead, Lonoke, Phillips, Poinsett, White 
2009 57 Bowman Jackson, Phillips, Randolph, White 
2009 47 Francis Cross, Jackson, Phillips, Prairie, Randolph, White 
2009 30 Cheniere Clay, Lafayette, Phillips, White 
2009 27 CL-142 Phillips, Poinsett, Stoddard CO. MO 
2009 19 RU0801145 Randolph, White 
2009 12 Templeton Arkansas 
2009 8 Cocodrie Lafayette, Phillips, White 
2009 8 Roy J Randolph 
2009 7 RU0801030 Phillips 
2009 7 RU0801076 Phillips, White 
2009 6 CL-131 White, Woodruff 
2009 5 Bengal Prairie, White, Woodruff 
2009 5 Neptune Phillips 
2009 4 M206 Poinsett 
2009 4 Taggart Randolph, White 
2009 3 CL-111 White, Woodruff 
2009 2 CL-171 Lafayette, Phillips, White 
2009 0 CL-161 White 
2009   Total Isolates Recovered: 461 
 
3
9
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1
All of the 37 isolates were recovered from two necks.  
2
All of the 29 isolates were recovered from one neck.  
Table 1. Continued.  
Year 
Isolate 
Quantity 
Cultivar County 
2010 105 CL151 Ashley, Clay,  Craighead, Cross, Mississippi, Prairie,, Stoddard Co. MO, Woodruff 
2010 74 Wells Craighead, Mississippi, Poinsett, Prairie, Woodruff 
2010 56 CL261 Arkansas, Craighead,  Lawrence 
2010 44 Francis Faukner,  Phillips, Prairie 
2010 37
1
 CLXL745 Lawrence 
2010 34 Jupiter Craighead, Poinsett, Prairie, White 
2010 29
2
 CLXL729 Lonoke 
2010 8 Cheniere Jefferson, Lafayette, Prairie 
2010 4 Pique Prairie 
2010 2 CL142 Arkansas 
2010 0 CL171 Lafayette 
2010 0 Cocodrie Lafayette 
2010   Total Isolates Recovered:393 
2011 3 Jumli Dhan Alvin, TX 
2011 3 UZ ROSZ 5 Alvin, TX 
2011 2 6360 Alvin, TX 
2011 11 XL723 St. Francis 
2011 12 CLXL729 St. Francis 
2011 19 CLXL745 St. Francis 
2011   Total Isolates Recovered:50 
2009-2011   Total Isolates Recovered:904 
4
0
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Table 2. Summary of the number and frequency of the VCGs of rice field isolates of P. oryzae  
from the 2009, 2010 and 2011 growing seasons in Arkansas.  
Year 
Total # of 
isolates 
collected
1
 
VCGs
1
 
US-01 US-02 US-03 US-04 
#
2
 %
3
 # % # % # % 
2009 461 250 (54.2) 47 (10.2) 0 (0.0) 164 (35.6) 
2010 393 263 (66.9) 18 (4.6) 0 (0.0) 112 (28.5) 
2011 50 41 (82.0) 1 (2.0) 0 (0.0) 0 (0.0) 
TOTAL 904 554 (61.3) 66 (7.3) 0 (0.0) 276 (30.5) 
1
 VCGs US-01, US-02, US-03, and US-04, correspond to MGR586 fingerprint DNA Groups A, B,  
  C, and D, respectively.  
2
 The number of isolates in those VCGs in that year.  
3
 The percentage of total isolates collected in that year. 
 
  
4
1
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Table 3. SSR markers that identify polymorphisms.
 
 
1 
All the SSR markers were designed based on the Pyricularia oyzae sequence in GeneBank with the web-based software website  
(http://wsmartins.net/websat/). 
  
Primer Forward ( 5’-3’) Reverse ( 5’-3’) 
MG012
1
 CAAATCAGCAAGGCAAAC ACAAACACCAACAGCAGG 
MG016 CCACGAGTAGCAAGACTGAC CGACAAGAAGAAGACCAAAC 
MG018 AAGCAAGAAACAGGGAGG ACTACCAAGGCGGACAAC 
PG015 ACTGACGCTAAACTACGAGG AAAGTATGGCGATAGTGGC 
PG026 TATCATGCAAGGTCATCAAA CCCACATCCAAACTGTACTT 
PG029 CTTTGGAGTAACGACGAGAC GTGTAGAATTTGGAGGGTCA 
4
2
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Table 4. Isolates of Pyricularia oryzae used for MGR586 fingerprint and SSR marker analysis. 
SSR 
Sample 
Number 
Isolate VCG 
MGR586 
Fingerprint 
Group 
SSR Cultivar County 
1
1
 WE2 US-01 A 1
2
 CL-151 Poinsett 
2 WC1 US-01 A 1 Wells Crittenden 
3 RAD8 US-01 A 1 Bowman Randolph 
4 RAE6 US-01 A 1 CL-151 Randolph 
5 PCB3 US-01 A 1 CL-142 Phillips 
6 PCC2 US-01 A 1 CL-171 Phillips 
7 SH8 US-02 B 2 CL-151 Lonoke 
8 PB3 US-02 B 2B
3
 Bowman Phillips 
9 PCA5 US-02 B 2 CL-151 Phillips 
10 PCB7 US-02 B 2 CL-142 Phillips 
11 PCG1 US-02 B 2B Cheniere Phillips 
12 CL8 US-02 B 2B CL-111 Woodruff 
13
4
 ZN4 US-03 C 3 − − 
14 A119 US-03 C 3 − − 
15 ZN61 US-03 C 3 − − 
16 ET1 US-04 D 4 Jupiter Jackson 
17 RAB1 US-04 D 4 RU0901145 Randolph 
18 CRJ1 US-04 D 4 Jupiter Crittenden 
19 PO4 US-04 D 4 Jupiter Clay 
20 PCD2 US-04 D 4 RU0801030 Phillips 
21 BO1 US-04 D 4 Bowman White 
22 MS1 US-01 A 1 Wells Lawrence 
23 PET2 US-01 A 1 Francis White 
24 RAA1 US-01 A 1 RU0801145 Randolph 
25 UR2 US-01 A 1 M206 Poinsett 
26 RAC5 US-01 A 1 Roy J Randolph 
27 RAT2 US-01 A 1 Taggart Randolph 
28 RGF5 US-02 B 2 Francis Phillips 
29 RGC17 US-02 B 2 Cheniere Phillips 
30 CRW9 US-02 B 2 Wells Crittenden 
31 RAD9 US-02 B 2 Bowman Randolph 
32 SN1 US-02 B 2 Wells Jackson 
33 PCD1 US-02 B 2 CL-142 Phillips 
34 ZN4 US-03 C 3 − − 
35 A119 US-03 C 3 − − 
36 MD1 US-04 D 4 CL-151 Craighead 
37 ED1 US-04 D 4 Bengal Prarie 
38 WH1 US-04 D 4B Francis White 
39 FN3 US-04 D 4 Francis Jackson 
40 CRW4 US-01 A 1 Wells Crittenden 
41 PLO1 US-04 D 4C CL-131 Woodruff 
44 
Table 4 continued.     
42 PCE1 US-01 A 1 Neptune Phillips 
43 PCF5 US-01 A 1 Cocodrie Phillips 
44 PCH3 US-01 A 1 RU0801076 Phillips 
45 CL1 US-01 A 1 CL-111 Woodruff 
46 PE2 US-01 A 1 Francis Phillips 
47 RU8 US-01 A 1 RU0901145 White 
48 PCF2 US-02 B 2 Cocodrie Phillips 
49 BE1 US-02 B 2 Wells Butler 
50 JPF1 US-02 B 2 Wells White 
51 RGC5 US-02 B 2 Cheniere Phillips 
52 SN4 US-02 B 2 Wells Jackson 
53 PB7 US-02 B 2 Bowman Phillips 
54 ZN4 US-03 C 3 − − 
55 ZN61 US-03 C 3 − − 
56 TAG1 US-04 D 4 Taggart White 
57 RUC1 US-04 D 4 RU0801076 White 
58 WHC1 US-04 D 4 Cheniere White 
59 GU1 US-04 D 4 Jupiter Randolph 
60 SH11 US-01 A 1 CL-151 Lonoke 
61 RAD10 US-04 D 4 Bowman Randolph 
62 KC1 US-01 A 1 Cheniere Clay 
63 NB7 US-01 A 1 Bowman Jackson 
64 FR4 US-01 A 1 Francis Randolph 
65 SH1 US-01 A 1 CL-151 Lonoke 
66 CLW1 US-01 A 1 Wells Clay 
67 CF1 US-01 A 1 CL-151 Craighead 
68 WHT1 US-01 A 1 Wells White 
69 PCB1 US-02 B 2 CL-142 Phillips 
70 PCD5 US-02 B 2 CL-142 Phillips 
71 PCF4 US-02 B 2 Cocodrie Phillips 
72 JP8 US-02 B 2 Francis Prairie 
73 JP10 US-02 B 2 Francis Prairie 
74 CLW5 US-02 B 2 Wells Clay 
75 JPF2 US-02 B 2 Wells White 
76 A119 US-03 C 3 − − 
77 ZN61 US-03 C 3 − − 
78 LHB1 US-04 D 4 CL-151 Craighead 
79 PL1 US-04 D 4D Francis Phillips 
80 TD1 US-04 D 4 Jupiter Arkansas 
81 RUB1 US-04 D 4 RU0801076 White 
82 JP7 US-04 D 4 Francis Prairie 
83 PLJ1 US-04 D 4 Jupiter Phillips 
84 NB1 US-04 D 4 Bowman Jackson 
 JUM2 Unknown Atypical −5 Alvin, TX Alvin, TX 
 UZR3 Unknown Atypical − Alvin, TX Alvin, TX 
45 
Table 4 Continued.    
 63603 Unknown Atypical  Alvin, TX Alvin, TX 
1
The isolates (1-84) were numbered according to the position on agarose gel. 
2 
SSR groups are divided according to the polymorphisms identified by 6 pair s of SSR markers. 
The isolates that exhibit identical allele size on the 6 SSR loci were defined as the same group, 
designated as 1, 2, 3, and 4. 
3
 B, C, or D indicates that the isolates exhibit a different allele patterns within the same SSR 
group. 
4
 Isolates of number 13, number 14, and number 15, were lab stored isolates. Isolate number 13, 
number 34, and number 54 are the same. Isolate number 14, number 35, and number 76 are the 
same. Isolate number 15, number 55, and number 77 are the same.  
5
The three atypical isolates JUM2, UZR3, and 63603 were not tested by using SSR markers. 
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Table 5. Disease reactions of a primary set of differential lines to reference isolates of the rice blast pathogen P. oryzae. 
NO. Cultivar 
MGR586 Group (Isolate) ―Race‖ 
A A A B B B B C E   
(A598) (Zn15) (Zn46) (A264) (Zn7) (24) (TM2) (A119) (49D) (IB33) (IB54) 
―IB-
49‖ 
―IB-1‖ ―IC-1‖ ―IC-17‖ ―IE-1‖ ―IG-1‖ ―race k‖ ―IB-49‖ ―IB-49‖   
1 M204 6.0
1
 7.0 6.0 3.5 7.0 4.5 7.0 5.5 7.5 6.5 0.0 
2 Arize1003 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 6.5 5.5 0.0 
3 Bengal 5.5 5.5 6.0 0.0 6.0 3.0 5.0 5.0 3.0 6.0 0.0 
4 Bowman 6.5 5.0 6.0 5.0 6.0 5.0 5.0 6.0 5.0 6.0 5.0 
5 Catahoula 0.0 0.0 0.0 0.0 0.0 0.0 6.5 0.0 0.0 5.0 0.0 
6 Cheniere 6.0 6.0 6.0  4.0. 6.0 4.5 6.0 4.0. 6.0 6.0 0.0 
7 CL131 0.0 0.0 0.0 3.0 0.0 0.0 6.0 0.5 0.5 6.0 0.0 
8 CL151 5.0 6.5 6.5 5.0 5.5 0.0 5.0 5.0 6.5 6.0 0.0 
9 CL161 6.5 6.0 6.0 6.5 6.0 0.0 6.0 6.0 6.5 6.0 0.0 
10 CL171AR 5.0 6.0 6.0 5.5 6.0 0.0 6.0 6.0 6.5 6.0 0.0 
11 CLX111 0.0 0.0 0.0 0.5 0.0 0.0 1.0 0.0 6.5 6.5 0.0 
12 Cocodrie 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 6.0 6.5 0.0 
13 Cybonnet 0.0 3.0 0.0 0.0 0.0 0.0 4.5 0.0 0.0 4.5 0.0 
14 Francis 6.0 6.0 6.5 5.5 6.0 6.5 5.5 5.0 6.0 6.5 6.0 
15 Jazzman 6.0 6.0 6.0 4.0 6.0 3.0 5.5 4.5 6.0 6.0 6.0 
16 JES(KDM08) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 4.0 3.0 
17 Jupiter 7.0 6.0 6.0 3.0 6.0 0.0 6.0 3.0 6.0 6.5 0.0 
18 Neptune 7.0 3.0 6.0 0.0 6.0 0.0 3.0 4.0 6.0 5.0 0.0 
19 RT CLXL729 6.5 3.0 5.5 0.0 5.5 0.0 4.0 0.0 5.0 5.0 0.0 
20 RT CLXL745 0.0 0.5 0.0 0.0 0.0+5.0
2
 0.0 4.0 0.0 0.0+5.0 4.0 0.0. 
21 RT XL723 0.0 0.0 0.0 0.0 3.0 0.0 3.0 0.0 0.0 5.0 0.0 
22 RU0701124 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 
23 RU0801030 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 6.0 0.0 
4
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1
 The number is the average of two replications. The experiment contained two replications and was conducted a single time. 
2 
Isolates ZN7 and 49D yielded segregate reactions on the same cultivar.  
Table 5. Continued 
NO. Cultivar 
MGR586 Group (Isolate) 
A A A B B B B C E   
(A598) (Zn15) (Zn46) (A264) (Zn7) (24) (TM2) (A119) (49D) (IB33) (IB54) 
  ―IB-49‖ ―IB-1‖ ―IC-1‖ ―IC-17‖ ―IE-1‖ ―IG-1‖ ―race k‖ ―IB-49‖ ―IB-49‖   
24 RU0801076 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.0 6.0 6.0 
25 RU0801145 3.5 3.0 3.0 0.0 3.5 0.0 0.0 0.0 5.5 5.5 0.0 
26 RU0901041 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 6.5 0.0 
27 RU0901145 6.5 6.0 6.0 6.5 6.0 6.0 7.0 6.0 6.5 6.0 6.0 
28 Taggart 0.5 3.0 2.0 0.0 0.0 0.0 0.0 0.0 6.0 6.0 6.0 
29 Templeton 0.5 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 5.0 0.0 
30 Wells 6.0 6.0 6.0 5.0 5.5 0.0 6.0 5.0 6.0 6.5 0.0 
31 Banks 0.0 0.0 0.0 0.5 0.0 0.0 6.0 0.0 0.0 6.5 0.0 
32 CPRS 0.0 3.0 3.0 0.5 3.0 0.0 3.0 0.0 5.5 4.5 0.0 
33 DREW 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 6.0 0.0 
34 Jefferson 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 6.0 0.0 
35 Katy 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 6.0 0.0 
36 Kaybonnet 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 6.5 0.0 
37 Lagrue 6.0 6.0 6.0 6.5 3.0 5.5 6.0 6.0 6.5 6.5 6.5 
38 Shufeng121 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.5 5.5 5.5 
39 Zhe733 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 3.0 3.0 
4
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Table 6. Isolates of Pyricularia oryzae used pathogenicity test in the greenhouse. 
Year Isolate VCG Cultivar County 
2009 CF1 US-01 CL-151 Craighead 
2009 CL1 US-01 CL-111 Woodruff 
2009 FR4 US-01 Francis Randolph 
2009 KC1 US-01 Cheniere Clay 
2009 PCB3 US-01 CL-142 Phillips 
2009 PCC2 US-01 CL-171 Phillips 
2009 PCF5 US-01 Cocodrie Phillips 
2009 PET2 US-01 Francis White 
2009 RAA1 US-01 RU0801145 Randolph 
2009 RAC5 US-01 Roy J Randolph 
2009 RAD8 US-01 Bowman Randolph 
2009 SH1 US-01 CL-151 Lonoke 
2009 UR2 US-01 M206 Poinsett 
2009 WC1 US-01 Wells Crittenden 
2009 WE2 US-01 CL-151 Poinsett 
2009 CL8 US-02 CL-111 Woodruff 
2009 PCF2 US-02 Cocodrie Phillips 
2009 RGC17 US-02 Cheniere Phillips 
2009 SH8 US-02 CL-151 Lonoke 
2009 PCB7 US-02 CL-142 Phillips 
2009 SN1 US-02 Wells  Jackson 
2009 A1191 US-03 − − 
2009 ZN4 US-03 − − 
2009 ZN61 US-03 − − 
2009 BO1 US-04 Bowman White 
2009 CRJ1 US-04 Jupiter Crittenden 
2009 MD1 US-04 CL-151 Craighead 
2009 PCD2 US-04 RU0801030 Phillips 
2009 RAB1 US-04 RU0901145 Randolph 
2009 WH1 US-04 Francis White 
2010 HYA5 US-04 CLXL745 Lawrence 
2010 HYB9 US-04 CLXL745 Lawrence 
2010 HYC3 US-01 CLXL729 Lonoke 
2010 HYC17 US-01 CLXL729 Lonoke 
2011 UZR 2 −2 UZ ROSZ 5 Alvin, TX 
2011 JUM 1 − Jumli Dhan Alvin, TX 
2011 6360 3 − 6360 Alvin, TX 
2011 17H US-01 XL723 St. Francis 
2011 22H US-01 CLXL729 St. Francis 
2011 24H US-01 CLXL745 St. Francis 
2011 35H US-01 CLXL745 St. Francis 
2011 45H US-02 CLXL729 St. Francis 
2011 46H US-01 XL723 St. Francis 
2011 56H US-01 CLXL729 St. Francis 
49 
1
Isolates from group C are lab stored isolates. 
2UZR2, JUM1, and 63603 don’t match any of the VCGs.  
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Table 7. Disease reaction among representative isolate within MGR586 groups A, B, and D on a 
primary set of rice differentials based on greenhouse inoculations 
Cultivars 
Virulence reaction
1
 
MGR586  
Group A 
VCG US-01 
MGR586  
Group B 
VCG US-02 
MGR586  
Group C 
VCG US-03 
MGR586 
Group D 
VCG US-04 
M204 S S S S 
Arize1003 R R R R 
Bengal S R R R 
Bowman S S S S 
Catahoula R R R R 
Cheniere S S S S 
BeCL131 R R R R 
CL151
2
 S S S R 
CL161 S S S R 
CL171AR S S S R 
CLX111 R+S R+S R+S R 
Cocodrie R/S R/S R/S R 
Cybonnet R R R R 
Francis S S S S 
Jazzman S S S S 
JES(KDM08) R R R R 
Jupiter S S S S 
Neptune S R R R/S 
RT CLXL729 R/S R/S R R 
RT CLXL745 R+S R+S R R+S 
RT XL723 R R R R 
RU0701124 R R R R 
RU0801030 R R R R 
RU0801076 R/S S R/S R/S 
RU0801145 R/S R/S R R 
RU0901041 R R R R 
RU0901145 S S S S 
Taggart R/S S S R/S 
Templeton R R R R 
Wells S S S R 
Banks R R R R 
CPRS R/S R/S R R 
DREW R R R R 
Jefferson R/S R R R 
Katy R R R R 
Kaybonnet R R R R 
Lagrue S S S S 
Shufeng121 R R R R 
Zhe733 R R R R 
51 
 
1
 Virulence reactions were characterized as R=resistant (mean disease rating<3.5); S=susceptible 
(mean disease rating>4.5); R/S indicates that some isolates yielded R reactions whereas others 
and S reaction; and R+S indicates that some isolates yielded segregate reaction on the same 
cultivar.  
2
 Cultivars highlighted in blue can be used to distinguish group A, B, C and D isolates. 
 
  
Table 7. Continued    
Cultivars Virulence reaction   
 MGR586  
Group A 
VCG US-01 
MGR586  
Group B 
VCG US-02 
MGR586  
Group C 
VCG US-03 
MGR586 
Group D 
VCG US-04 
ZNTH R/S R R R 
52 
Table 8 . Disease reactions of a primary set of differential lines to isolates of rice blast pathogen 
P. oryzae collected from 2010 and 2011. 
  
Cultivar 
Rice Blast Isolate (VCGs) 
RAD8 FR4 RAB1 WH1 HYC3 HYC17 
(US-01) (US-01) (US-04) (US-04) (US-01) (US-01) 
M204 6.50
1
 6.25 6.50 6.75 6.50 6.50 
Arize1003 0.75 0.00 0.00 0.00 0.00 0.00 
Bengal 6.25 5.50 1.50 3.00 5.50 6.50 
Bowman 6.25 5.75 6.00 5.75 5.25 5.25 
Catahoula 0.00 0.00 0.00 0.25 0.00 0.00 
Cheniere 6.00 5.25 6.25 5.75 5.50 5.25 
CL131 0.00 0.00 0.00 0.25 0.25 0.00 
CL151 6.50 6.25 0.00 0.25 5.50 6.00 
CL161 6.50 6.00 0.00 0.25 5.50 6.25 
CL171AR 6.50 6.00 0.00 0.50 5.00 6.25 
CLX111 0.00 0.00 0.00 0.00 0.00 0.25 
Cocodrie 5.50 5.50 0.00 0.00 0.00 0.50 
Cybonnet 0.00 0.00 0.00 0.00 0.00 0.00 
Francis 5.00 6.00 7.25 6.25 5.50 5.00 
Jazzman 6.25 6.25 4.50 5.75 4.25 4.25 
JES(KDM08) 0.00 0.00 0.00 0.75 0.00 0.00 
Jupiter 5.75 4.50 6.50 6.25 4.25 4.75 
Neptune 5.50 4.75 1.50 3.00 4.50 4.25 
RT CLXL729 4.75 4.75 0.50 1.75 4.50 5.00 
RT CLXL745 0.00 0.00 0.00 0.00 1.50 0.00 
RT XL723 0.00 0.00 0.00 0.25 0.00 0.00 
RU0701124 1.50 0.00 1.50 0.00 0.00 0.00 
RU0801030 0.00 0.00 0.25 0.50 0.00 0.00 
RU0801076 6.00 5.00 0.25 2.25 0.00 0.00 
RU0801145 5.25 5.50 0.00 0.00 4.00 4.25 
RU0901041 0.00 0.00 0.00 0.00 0.00 0.50 
RU0901145 6.00 6.50 6.50 6.25 7.25 5.00 
Taggart 4.50 6.50 0.25 2.25 0.50 0.00 
Templeton 0.00 0.00 0.00 0.00 0.00 0.00 
Wells 6.25 5.50 0.00 0.00 6.00 5.25 
Banks 0.00 0.00 0.00 0.50 0.00 0.50 
CPRS 5.25 6.00 0.00 0.25 4.50 4.25 
DREW 0.75 0.00 0.00 0.50 0.25 0.00 
Jefferson 5.50 4.50 0.00 0.00 0.25 0.00 
Katy 0.00 0.00 0.00 0.75 0.00 0.00 
Kaybonnet 0.00 0.00 0.00 0.00 0.00 0.00 
Lagrue 6.00 5.50 7.25 6.75 6.75 6.75 
Shufeng121 0.00 0.00 0.00 1.00 0.00 0.00 
Zhe733 0.00 0.00 0.00 1.00 0.00 0.00 
ZNTH 5.50 4.00 0.00 0.25 0.00 0.00 
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1
The number is the results of two repetition tests. Each test includes two replications. 
Table 8. Continued 
  
Cultivar 
Rice Blast Isolate (VCGs) 
HYA5 HYB9 JUM2 UZR3 63603 
(US-04) (US-04)    
M204 6.00 6.75 0.00 0.00 5.25 
Arize1003 0.25 0.00 0.00 0.00 0.00 
Bengal 1.50 0.25 0.00 0.00 1.50 
Bowman 6.25 6.00 0.00 0.00 6.25 
Catahoula 0.00 0.00 0.00 0.00 0.00 
Cheniere 4.25 5.75 0.00 0.00 7.00 
CL131 0.00 0.00 0.00 0.00 0.00 
CL151 0.00 0.00 0.00 0.00 0.00 
CL161 0.00 0.00 0.00 0.00 0.00 
CL171AR 0.00 0.00 0.00 0.00 0.00 
CLX111 0.00 0.00 0.00 0.00 0.00 
Cocodrie 0.00 0.00 0.00 0.00 0.25 
Cybonnet 0.00 0.00 0.00 0.00 0.00 
Francis 6.25 7.25 0.00 0.00 6.50 
Jazzman 4.50 4.75 0.00 0.00 6.00 
JES(KDM08) 0.00 0.00 0.00 0.00 0.25 
Jupiter 5.75 5.50 0.00 0.00 6.50 
Neptune 1.00 0.00 0.00 0.00 1.25 
RT CLXL729 0.75 2.50 0.00 0.00 3.50 
RT CLXL745 0.00 0.00 0.00 0.00 0.00 
RT XL723 0.00 0.25 0.00 0.00 0.00 
RU0701124 0.00 0.00 0.00 0.00 0.00 
RU0801030 0.75 0.25 0.00 0.00 0.25 
RU0801076 0.00 2.00 0.00 0.00 6.00 
RU0801145 0.00 0.25 0.00 0.00 0.50 
RU0901041 0.00 0.00 0.00 0.00 0.50 
RU0901145 6.00 5.50 0.00 0.00 5.25 
Taggart 1.00 1.50 0.00 0.00 5.75 
Templeton 0.00 0.00 0.00 0.00 0.00 
Wells 0.00 0.00 0.00 0.00 1.50 
Banks 0.00 0.75 0.00 0.00 0.00 
CPRS 0.00 0.75 0.00 0.00 0.00 
DREW 0.00 0.50 0.00 0.00 0.00 
Jefferson 0.00 0.00 0.00 0.00 0.00 
Katy 0.00 0.00 0.00 0.00 0.00 
Kaybonnet 0.00 0.00 0.00 0.00 0.00 
Lagrue 5.75 5.50 0.00 0.00 7.50 
Shufeng121 0.00 0.00 0.00 0.00 0.25 
Zhe733 0.00 0.00 0.00 0.00 0.25 
ZNTH 0.00 0.00 0.00 0.00 0.00 
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Table 9. Disease reactions of a primary set of differential lines to isolates of rice blast pathogen P. oryzae 
collected from Dr. Lee.
 
  
Cultivar 
Rice Blast Isolate (VCGs) 
RAD8 PCB7 17H 22H 24H 
(US-01) (US-02) (US-01) (US-01) (US-01) 
M204 6.50
1
 7.00 6.00 5.25 5.50 
Arize1003 2.75 0.25 0.00 0.00 0.00 
Bengal 6.50 3.00 5.00 5.00 6.50 
Bowman 6.50 7.00 6.00 5.50 6.00 
Catahoula 0.00 0.75 0.00 0.00 0.00 
Cheniere 5.50 7.00 5.50 5.25 5.50 
CL131 0.00 0.00 0.00 0.00 0.50 
CL151 6.50 7.50 5.25 5.25 7.50 
CL161 5.50 7.50 5.25 5.25 6.50 
CL171AR 5.50 7.50 5.25 5.25 6.50 
CLX111 0.25 0.00 0.00+5.00
2
 0.00 0.00 
Cocodrie 5.50 4.00 4.50 4.00 0.00 
Cybonnet 0.00 1.75 0.00 0.00 0.00 
Francis 5.50 8.00 6.25 5.50 6.00 
Jazzman 6.00 7.00 5.50 5.00 4.25 
JES(KDM08) 0.00 1.50 0.00 0.00 0.00 
Jupiter 5.50 5.75 4.50 4.25 5.00 
Neptune 5.50 2.50 4.50 4.25 5.00 
RT CLXL729 4.50 1.50 6.00 5.50 4.25 
RT CLXL745 0.00 0.00 0.00+4.00 0.00 0.00 
RT XL723 0.00 0.00 1.50 0.00 0.00 
RU0701124 1.25 1.25 0.00 0.00 0.00 
RU0801030 0.00 0.75 0.00 0.00 0.00 
RU0801076 6.00 6.00 5.50 5.25 4.25 
RU0801145 5.50 4.50 5.50 5.00 4.50 
RU0901041 0.00 2.25 0.00 0.00 0.00 
RU0901145 6.25 8.00 5.25 5.25 6.25 
Taggart 4.25 5.25 5.25 5.00 4.25 
Templeton 0.00 0.25 0.00 0.00 0.00 
Wells 6.00 7.00 6.00 6.25 7.00 
Banks 0.00 1.50 1.25 0.00 0.00 
CPRS 5.50 4.00 4.25 4.50 5.50 
DREW 0.75 1.00 0.00 0.00 0.00 
Jefferson 5.50 0.75 5.00 0.00 4.25 
Katy 0.00 0.00 0.00 0.00 0.00 
Kaybonnet 0.00 0.00 0.00 0.00 0.00 
Lagrue 6.25 7.25 6.50 7.00 7.00 
Shufeng121 0.00 1.50 0.00 0.00 0.00 
Zhe733 0.00 0.00 0.00 0.00 0.00 
ZNTH 5.25 0.50 1.50 0.00 1.50 
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Table 9. Continued 
  
Cultivar 
Rice Blast Isolate (VCGs) 
35H 45H 46H 56H 
(US-01) (US-02) (US-01) (US-01) 
M204 5.50 6.50 5.50 7.50 
Arize1003 0.00 1.50 0.00 0.00 
Bengal 6.00 1.50 6.00 7.00 
Bowman 6.00 6.00 6.50 7.00 
Catahoula 1.50 0.00 1.25 0.00 
Cheniere 6.50 6.50 6.50 7.50 
CL131 0.00 0.00 0.00 0.50 
CL151 6.25 7.00 6.50 7.50 
CL161 6.25 7.50 6.50 7.50 
CL171AR 6.25 7.50 6.50 7.50 
CLX111 0.00 0.00+4.00 0.00 0.25 
Cocodrie 4.00 4.50 4.50 4.00 
Cybonnet 0.00 0.00 0.00 0.00 
Francis 6.00 7.50 6.50 7.00 
Jazzman 5.00 7.00 5.50 7.00 
JES(KDM08) 1.50 1.00 0.00 0.25 
Jupiter 4.00 5.50 4.25 6.00 
Neptune 4.25 0.00 4.50 5.25 
RT CLXL729 5.50 3.00 5.50 5.25 
RT CLXL745 0.00 0.00+6.00 0.00+5.00 0.00+4.00 
RT XL723 3.00 0.00 0.00 1.50 
RU0701124 0.00 2.50 0.00 1.00 
RU0801030 3.00 0.00 1.50 0.00 
RU0801076 4.25 6.50 5.25 5.50 
RU0801145 5.50 5.50 5.25 5.50 
RU0901041 0.00 0.00 0.00 0.00 
RU0901145 5.25 7.00 5.00 7.00 
Taggart 5.25 6.00 5.50 6.00 
Templeton 0.00 0.00 0.00 0.00 
Wells 6.00 7.25 7.00 7.00 
Banks 2.50 4.25 0.00 0.00 
CPRS 4.50 4.50 4.25 5.00 
DREW 0.00 0.00 0.00 0.00 
Jefferson 1.50 0.00 4.50 5.00 
Katy 0.00 0.00 0.00 0.00 
Kaybonnet 0.00 0.00 0.00 0.00 
Lagrue 7.50 7.00 7.00 7.50 
Shufeng121 0.00 0.00 0.00 0.00 
Zhe733 0.00 0.00 0.00 0.00 
ZNTH 0.00 0.00 4.00 4.50 
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1
The number is the results of four replications from two repetition tests. 
2 ―+‖ stands for that isolates yielded segregate reaction on the same cultivar. 
  
57 
Table 10. Disease reactions of a set of differential lines to isolates of rice blast pathogen P.oryzae  
 
1
 The experiment included two replications and the experiment was conducted twice. The number is the average of four replications. 
2 ―+‖ stands for that isolates yielded segregate reaction on the same cultivar.
  
Cultivar 
Rice Blast Isolate (VCGs) 
RAD8 PCB7 WE2 45H 56H JUM2 UZR3 63603 
(US-01) (US-02) (US-01) (US-02) (US-01) 
 
 
 CLXL729 7.00
1
 3.25 6.00 3.50 5.00 0.00 0.00 3.50 
CLXL730 5.00 2.50 2.00 0.00 0.50 0.00 0.00 0.00 
CLXP751 0.00 1.00 0.00 1.25 0.00 0.00 0.00 0.00 
CLXP752 0.00 0.00 0.00+5.00
2
 0.00 0.00+6.00 0.00 0.00 0.00 
CLXP753 3.25 2.25 3.00 3.00 3.00 0.00 0.00 0.00 
CLXP756 0.00 1.25 1.50 1.50 0.00 0.00 0.00 0.00 
XP744 0.00 0.50 0.00 0.25 0.00 0.00 0.00 0.00 
XP754 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 
XL723 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 
CLXL745 0.00+7.00 1.25 0.00+6.00 0.00 0.00+4.00 0.00 0.00 0.00 
M204 7.50 7.00 7.50 7.50 6.50 0.00 0.00 7.25 
Bowman 7.50 6.25 7.50 7.50 6.50 0.00 0.00 7.50 
Chenier 7.50 7.00 7.50 7.50 6.50 0.00 0.00 7.50 
Francis 7.50 7.00 7.50 7.50 7.50 0.00 0.00 7.50 
Jazzman 6.50 7.00 7.00 7.50 6.50 0.00 0.00 6.25 
RU0701124 0.00 1.50 0.00 1.25 0.00 0.00 0.00 3.00 
CL131 0.00 1.50 0.00 0.00 0.00 0.00 0.00 0.75 
JES 0.00 2.50 1.25 0.00 0.00 0.00 0.00 0.75 
Templeton 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 
Banks 0.00 0.25 1.25 0.00 0.00 0.00 0.00 0.00 
5
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Fig 1. Rice blast disease scale 
Rating Description of symptoms 
0 No infection observed 
1 Small brown specks, pinpoint infections small < 1 mm 
2 Small rounded infections with open centers, lesion small < 2 mm 
3 Small infections with open centers beginning to expand but small < 3 mm 
4 
Typical susceptible blast lesions with expanding open centers > 3 mm on < 10% of the leaf area 
evaluated 
5 Susceptible type lesions with expanding open centers on 10-25% of the leaf area evaluated 
6 Susceptible type lesions with expanding open centers on 26-50% of the leaf area evaluated 
7 Susceptible type lesions with expanding open centers on 51-75% of the leaf area evaluated 
8 Susceptible type lesions with expanding open centers on 76-90% of the leaf area evaluated 
9 Susceptible type lesions with expanding open centers on > 90% of the leaf area evaluated 
5
8
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Fig 2. Rice was sampled for rice blast throughout Arkansas during 2009-2010 growing 
season.(http://www.yellowmaps.com/map/arkansas-coun 
5
9
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                                   Group A                         Group B               Group C               Group D 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Genomic DNA of rice blast isolates was restricted with EcoR1 and probed with a 
chemilluminescent labeled MGR586 probe. 
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           Fig 3. Continued. 
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Figure 4. Dendrogram of P. oryzae isolates (EcoRI digest, MGR586 probe) generated with NTSYSpc 2.10 using the UPGMA 
analysis.63603, UZR3, and JUM2 were 3 atypical isolates. 
6
2
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Fig 5 . Polymerase chain reaction amplification of field isolates of Pyricularia. oryzae in 
Arkansas in 2009. Isolates were amplified with the PG29 primer. The isolates are in the 
order from 1 to 84 (Table 4). 
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Fig 6. Polymerase chain reaction amplification of field isolates of Pyricularia. oryzae in 
Arkansas in 2009. Isolates were amplified with the PG26 primer. The isolates are in the order 
from 1 to 84 (Table 4). 
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Fig 7. Polymerase chain reaction amplification of field isolates of Pyricularia. oryzae in 
Arkansas in 2009. Isolates were amplified with the MG12 primer. The isolates are in the 
order from 1 to 84 (Table 4). 
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Fig 8. Polymerase chain reaction amplification of field isolates of Pyricularia. oryzae in 
Arkansas in 2009. Isolates were amplified with the MG16 primer. The isolates are in the 
order from 1 to 84 (Table 4). 
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Fig 9. Polymerase chain reaction amplification of field isolates of Pyricularia. oryzae in 
Arkansas in 2009. Isolates were amplified with the PG15 primer. The isolates are in the 
order from 1 to 84 (Table 4). 
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Fig 10. Polymerase chain reaction amplification of field isolates of Pyricularia. oryzae in 
Arkansasin 2009. Isolates were amplified with the MG18 primer. The isolates are in the 
order from 1 to 84 (Table 4). 
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Fig 11. Dendrogram showing phenotypic diversity among 30 P. oryzae isolates collected from rice field in Arkansas in 2009 growing 
season. Dendrogram was based on combined data on a set of 38 rice differentials and was generated with NTSYSpc version 2.10 
using the UPGMA analysis. 
  
6
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Appendix 1. Nit mutation testers of Pyricularia oryzae 
VCG
1
 Isolate 
US-01 A598/53NA 
US-01 LO1-4/60NA 
US-02 75A49/67NA 
US-02 A264/53NA 
US-03 BM1-24/70NA 
US-03 BM1-24/60N 
US-04 75A1/68NA 
US-04 CA205/83NC 
US-04 85L2/53NA 
 
1
 Reference isolates were previously characterized for their VCG (Correll et al, 2000).  
7
0
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Appendix 2. The origin, vegetative compatibility group of field isolates of P. oryzae collected during 2009-2011 in Arkansas. 
 
# of 
isolates 
No. of isolates MGR586 (VCG) 
Year 
Isolate 
designations Cultivar County A B C D 
2009 ED Bengal Prairie 2       2  
2009 WB Bengal White 2 2        
2009 BEN Bengal Woodruff 1 1        
2009 NB Bowman Jackson 10 1      9  
2009 PB Bowman Phillips 8 2  6      
2009 RAD Bowman Randolph 12 10  1    1  
2009 BO Bowman White 11       11  
2009 BOW Bowman White 5       5  
2009 WBO Bowman White 8       8  
2009 KC Cheniere Clay 4 4        
2009 LN Cheniere Lafayette 0         
2009 RGC Cheniere Phillips 19 14  5      
2009 PCG Cheniere Phillips 5 4  1      
2009 WHC Cheniere White 2 1      1  
2009 WHI CL-111 White 0         
2009 CL CL-111 Woodruff 3 3  1      
2009 WCL CL-131 White 0         
2009 PLO CL-131 Woodruff 6       6  
2009 PCB CL-142 Phillips 9 6  3      
2009 LH CL-142 Poinsett 3 3        
2009 TA** CL-142 Stoddard Co. MO 16 16        
2009 CF CL-151 Craighead 11 11        
2009 MD CL-151 Craighead 7       7  
2009 SH CL-151 Lonoke 10 8  1    1  
2009 RO CL-151 Lonoke 6 5  1      
2009 PCA CL-151 Phillips 5 4      1  
2009 PLC CL-151 Phillips 0         
2009 KI CL-151 Phillips 0         
2009 WE CL-151 Poinsett 13 13        
7
1
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Appendix 2. Continued.   
 
# of 
isolates 
No. of isolates MGR586 (VCG) 
Year 
Isolate 
designations Cultivar County A B C D 
2009 WW CL-151 Poinsett 0         
2009 LHB CL-151 Poinsett 3       3  
2009 RAE CL-151 Randolph 3 3        
2009 WCE CL-151 White 3   3      
2009 CLA CL-161 White 0      
2009 WHE CL-161 White 0      
2009 GH CL-171 Lafayette 0      
2009 PCC CL-171 Phillips 2 2     
2009 WHL CL-171 White 0      
2009 SB Cocodrie Lafayette 0      
2009 PCF Cocodrie Phillips 8 4  4   
2009 GP Cocodrie Phillips 0      
2009 PG Cocodrie Phillips 0      
2009 WCO Cocodrie White 1 1     
2009 TO Francis Cross 0      
2009 FN Francis Jackson 3 2    1 
2009 RGF Francis Phillips 8 7  1   
2009 PL Francis Phillips 4     4 
2009 PE Francis Prairie 3 3     
2009 PCI Francis Prairie 3 3     
2009 JW Francis Prairie 0      
2009 PET Francis Prairie 4 4     
2009 JP Francis Prairie 11 7  3  1 
2009 FR Francis Randolph 2 2     
2009 WH Francis White 2     2 
2009 WF Francis White 8     8 
2009 TD Jupiter Arkansas 7     7 
2009 PO Jupiter Clay 5     5 
2009 CP Jupiter Clay 5     5 
7
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Appendix 2. Continued.   
 
# of 
isolates 
No. of isolates MGR586 (VCG) 
Year 
Isolate 
designations Cultivar County A B C D 
2009 CRJ Jupiter Crittenden 7     7 
2009 JD Jupiter Greene 0      
2009 KR Jupiter Greene 0      
2009 JA Jupiter Jackson 6     6 
2009 ET Jupiter Jackson 11     11 
2009 PLJ Jupiter Phillips 4     4 
2009 PH Jupiter Phillips 6     6 
2009 DE Jupiter Prairie 1     1 
2009 GU Jupiter Randolph 2     2 
2009 NW Jupiter Randolph 7     7 
2009 NWB Jupiter Randolph 6     6 
2009 WJ Jupiter White 2     2 
2009 UR M206 Poinsett 4 4     
2009 PCE Neptune Phillips 5 5     
2009 RAC Roy J Randolph 8 8     
2009 PCD RU0801030 Phillips 7   6  1 
2009 PCH RU0801076 Phillips 3 3     
2009 RUB RU0801076 White 2     2 
2009 RUC RU0801076 White 2     2 
2009 RAA RU0801145 Randolph 1 1     
2009 RAB RU0901145 Randolph 2     2 
2009 RU RU0901145 White 8 1    7 
2009 WR RU0901145 White 8     8 
2009 RAT Taggart Randolph 2 2     
2009 TAG Taggart White 2     2 
2009 WT Taggart White 0      
2009 RCT Templeton Arkansas 12 12     
2009 BE** Wells Butler County, MO 3 1  2   
2009 BU** Wells Butler County, MO 5 5     
7
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Appendix 2. Continued.   
 
# of 
isolates 
No. of isolates MGR586 (VCG) 
Year 
Isolate 
designations Cultivar County A B C D 
2009 BUT** wells Butler County, MO 9 9     
2009 CLW Wells Clay 6 5  1   
2009 CRW Wells Crittenden 15 13  1  1 
2009 WC Wells Crittenden 4 4     
2009 SN Wells Jackson 4   4   
2009 MS Wells Lawrence 4 4     
2009 MW Wells Mississippi 9 9     
2009 MI Wells Mississippi 7 7     
2009 DW Wells Poinsett 9 9     
2009 KH Wells Prairie 1 1     
2009 JC Wells Prairie 0      
2009 WHT Wells White 1 1     
2009 JPF Wells White 2   2   
  2009-Subtotal  461 250  47 0 164 
2010 JEA Cheniere Jefferson 4 3    1 
2010 JVD Cheniere Lafayette 0      
2010 BJC Cheniere Prairie-Patterson 4     4 
2010 LEF CL-142 Arkansas 2     2 
2010 KNO CL-151 Ashley 2 1    1 
2010 CRF CL-151 Chapel Road 8 8     
2010 AUA CL-151 Clay 2 2     
2010 AUB CL-151 Clay 2 2     
2010 AUC CL-151 Clay 1 1     
2010 BTA CL-151 Craighead 8 6  2   
2010 BTB CL-151 Craighead 5 5     
2010 BTC CL-151 Craighead 7 7     
2010 BTD CL-151 Craighead 6 6     
2010 BTF CL-151 Craighead 9 9     
7
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Appendix 2. Continued.   
 
# of 
isolates 
No. of isolates MGR586 (VCG) 
Year 
Isolate 
designations Cultivar County A B C D 
2010 BTG CL-151 Craighead 5 5     
2010 RWA CL-151 Cross 10 10     
2010 RWB CL-151 Cross 9 9     
2010 RWC CL-151 Cross 2 2     
2010 RWD CL-151 Cross 0      
2010 RWE CL-151 Cross 6 5  1   
2010 DFR CL-151 Mississippi 3 3     
2010 BGE CL-151 Prairie 8 8     
2010 JT CL-151 Stoddard, MO 6 6     
2010 ETB CL-151 Woodruff 6 6     
2010 JVB CL-171 Lafayette 0      
2010 JVC CL-171 Lafayette 0      
2010 LET CL-261 Arkansas 5 1  1  3 
2010 BTE CL-261 Craighead 7 5    2 
2010 HGA CL-261 Lawrence 6 1  1  4 
2010 HGB CL-261 Lawrence 9 2    7 
2010 ROT CL-261 Lawrence 7     7 
2010 LCA CL-261 Lewis Creek 5 5     
2010 KPA CL-261 Lonoke 4 4     
2010 KPB CL-261 Lonoke 7 6    1 
2010 EZ CL-261 Poinsett 6 2    4 
2010 HYC CLXL729 hybrid Lonoke 29 29     
2010 BGH CLXL745 Prairie 0      
2010 BGG CLXL745  Prairie-Sandenss 0      
2010 HYA/B CLXL745 hybrid Lawrence 37     37 
2010 JVA Cocodrie Lafayette 0      
2010 HCA Francis Faukner 5 3  1  1 
2010 HCB Francis Faukner 9 9     
2010 HCC Francis Faukner 5 5     
7
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Appendix 2. Continued.   
 
# of 
isolates 
No. of isolates MGR586 (VCG) 
Year 
Isolate 
designations Cultivar County A B C D 
2010 HCD Francis Faukner 5 3  2   
2010 HCE Francis Faukner 8 5  3   
2010 ROG Francis Phillips 5 3  2   
2010 BCG Francis Prairie 7 4  3   
2010 CRG Jupiter Chapel Road 6     6 
2010 BTJ Jupiter Craighead 6     6 
2010 RTB Jupiter Poinsett 4     4 
2010 BGB Jupiter Prairie-Hall 7 2    5 
2010 BGD Jupiter Prairie-Patterson 11     11 
2010 KMA Jupiter White 0      
2010 BGF Pinque Prairie 4     4 
2010 BTH Wells Craighead 5 5     
2010 BTI Wells Craighead 7 7     
2010 DFB Wells Mississippi 4 4     
2010 CAA Wells Poinsett 3 3     
2010 CAB Wells Poinsett 7 7     
2010 CAC Wells Poinsett 6 6     
2010 CAD Wells Poinsett 2 2     
2010 RTA Wells Poinsett 4 4     
2010 CAE Wells Poinsett 7 5  2   
2010 RTC Wells Poinsett 3 3     
2010 RTD Wells Poinsett 5 3  2   
2010 RTE Wells Poinsett 7 7     
2010 BGA Wells Prairie- 10 10     
2010 ETE Wells Woodruff 4 4     
2010 ARP Unknown Clay 0      
  2010-Subtotal  393 263  18 0 112 
2011 UZR UZ ROSZ 5 Alvin, TX
 
 3      
7
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Appendix 2. Continued.   
 
# of 
isolates 
No. of isolates MGR586 (VCG) 
Year 
Isolate 
designations Cultivar County A B C D 
2011 JUM Jumli Dhan Alvin, TX 3      
2011 6360 6360 Alvin, TX 2      
2011 13H XL723 St. Francis 1 1     
2011 14H XL723 St. Francis 1 1     
2011 15H XL723 St. Francis 1 1     
2011 16H XL723 St. Francis 1 1     
2011 17H XL723 St. Francis 1 1     
2011 46H XL723 St. Francis 1 1     
2011 47H XL723 St. Francis 1 1     
2011 52H XL723 St. Francis 1 1     
2011 53H XL723 St. Francis 1 1     
2011 54H XL723 St. Francis 1 1     
2011 55H XL723 St. Francis 1 1     
2011 18H CLXL729 St. Francis 1 1     
2011 19H CLXL729 St. Francis 1 1     
2011 20H CLXL729 St. Francis 1 1     
2011 21H CLXL729 St. Francis 1 1     
2011 22H CLXL729 St. Francis 1 1     
2011 23H CLXL729 St. Francis 1 1     
2011 44H CLXL729 St. Francis 1 1     
2011 45H CLXL729 St. Francis 1   1   
2011 56H CLXL729 St. Francis 1 1     
2011 57H CLXL729 St. Francis 1 1     
2011 58H CLXL729 St. Francis 1 1     
2011 59H CLXL729 St. Francis 1 1     
2011 24H CLXL745 St. Francis 1 1     
2011 25H CLXL745 St. Francis 1 1     
2011 26H CLXL745 St. Francis 1 1     
2011 27H CLXL745 St. Francis
 
 1 1     
 
7
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Appendix 2. Continued.   
 
# of 
isolates 
No. of isolates MGR586 (VCG) 
Year 
Isolate 
designations Cultivar County A B C D 
2011 28H CLXL745 St. Francis 1 1     
2011 29H CLXL745 St. Francis 1 1     
2011 30H CLXL745 St. Francis 1 1     
2011 31H CLXL745 St. Francis 1 1     
2011 32H CLXL745 St. Francis 1 1     
2011 33H CLXL745 St. Francis 1 1     
2011 34H CLXL745 St. Francis 1 1     
2011 35H CLXL745 St. Francis 1 1     
2011 36H CLXL745 St. Francis 1 1     
2011 37H CLXL745 St. Francis 1 1     
2011 38H CLXL745 St. Francis 1 1     
2011 39H CLXL745 St. Francis 0      
2011 48H CLXL745 St. Francis 1 1     
2011 49H CLXL745 St. Francis 1 1     
2011 50H CLXL745 St. Francis 1 1     
2011 51H CLXL745 St. Francis 1 1     
  2011-Subtotal  50 41  1 0 0 
  Total  904 554  66 0 276 
 
 
 
7
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Appendix 3. Internal transcribed spacer (ITS) region sequences of 3 atypical isolates, JUM2, 
UZR3, and 63603 using forward primer 5’- TCCGTAGGTGAACCTGCGG-3’. 
 
JUM2 
AACCTCTGTCGTTGCTTCGGCGGGCACGCCCGCCGGAGGTTCAAAACTCTTATTTTTT
CCAGTATCTCTGAGCCTGAAAGACAAATAATCAAAACTTTCAACAACGGATCTCTTG
GTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAA
TTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCGGTATTCCGGCGGGC
ATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCTCGGCTTGGTGTTGGGGCGCCCG
GGCCCTCCGCGGCCCGGGGCCCCCAAGTTCATCGGCGGGCTCGTCGGTACACTGAG
CGCAGTAAAACGCGGTAAAACGCGAACCTCGTTCGGATCGTCCCGGCGTGCTCCAG
CCGCTAAACCCCCAATTTTTTAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTG
AACTTAAGCATATCAATAANNNGAGGAA 
 
 
UZR3 
ATAACCTCTGTCGTTGCTTCGGCGGGCACGCCCGCCGGAGGTTCAAAACTCTTATTT
TTTCCAGTATCTCTGAGCCTGAAAGACAAATAATCAAAACTTTCAACAACGGATCTC
TTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCA
GAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCGGTATTCCGGCG
GGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCTCGGCTTGGTGTTGGGGCGC
CCGGGCCCTCCGCGGCCCGGGGCCCCCAAGTTCATCGGCGGGCTCGTCGGTACACTG
AGCGCAGTAAAACGCGGTAAAACGCGAACCTCGTTCGGATCGTCCCGGCGTGCTCC
AGCCGCTAAACCCCCAATTTTTTAAAGGTTGACCTCGGATCAGGTAGGAATACCCGC
TGAACTTAAGCATATCAATAANNGGAGGAA 
 
63603 
TAACCTCTGTCGTTGCTTCGGCGGGCACGCCCGCCGGAGGTTCAAAACTCTTATTTTT
TCCAGTATCTCTGAGCCTGAAAGACAAATAATCAAAACTTTCAACAACGGATCTCTT
GGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGA
ATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCGGTATTCCGGCGGG
CATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCCTCGGCTTGGTGTTGGGGCGCCC
GGGCCCTCCGCGGCCCGGGGCCCCCAAGTTCATCGGCGGGCTCGTCGGTACACTGA
GCGCAGTAAAACGCGGTAAAACGCGAACCTCGTTCGGATCGTCCCGGCGTGCTCCA
GCCGCTAAACCCCCAATTTTTTAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCT
GAACTTAAGCATATCAATA
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CHAPTER II 
Structural stability of avirulence gene AVR-Pita in vitro  
ABSTRACT 
Using blast-resistant rice cultivars is one of the most effective options for managing rice blast 
disease. Major genes for blast resistance have been identified and incorporated into rice cultivars. 
However, the insufficient durability of monogenic blast resistance is a serious problem. The 
avirulence (AVR) gene determines the efficacy of the resistance gene (R). The Pi-ta resistance 
gene has been used in managing rice blast since 1990. However, epidemics were observed on 
Banks, a Pi-ta contained cultivars, in 2004. Previous research found structural instability of the 
avirulence gene AVR-Pita gene among field isolates. In this research, the objective was to 
evaluate the stability of the AVR-Pita gene in-vitro. Four isolates with four different haplotypes 
were cultured in-vitro for eight weeks. Examination of AVR-Pita over an eight week in-vitro 
experiment indicated that the AVR-Pita sequence did not change. This result would support the 
hypothesis that the evolution of AVR-Pita is under positive selection under field conditions. 
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INTRODUCTION 
Population diversity studies can provide information about dynamic changes in race 
composition of the rice blast pathogen. Spontaneous mutations from avirulence to virulence in 
the pathogen, in addition, can also result in a reduced usefulness of resistance in improved 
cultivars.  Resistance to P. oryzae is conditioned by the interaction of a single R gene in rice with 
an AVR gene in P. oryzae (Jia et al., 2000). However, the AVR genes in P. oryzae are highly 
diversified and are able to change rapidly in nature. Farman et al. (2002) reported that three types 
of diversification occurred at the AVR1-CO39 locus in P. oryzae. Either a Pot 3 insertion in the 
promoter region or single nucleotide substitution was found resulting in an amino acid change in 
AVR-Pizt (Li et al., 2009). The instability of AVR in P. oryzae has been hypothesized to be the 
main mechanism by which R genes are defeated. The AVR-Pita gene is located in the telomeric 
region of chromosome 3 in P. oryzae, and encodes a putative neutral zinc metalloprotease 
(Orbach et al., 2000). The Pi-ta R gene has been effective in managing rice blast in the southeast 
production areas of the US since its release in 1990 (Boza et al., 2005). Pi-ta-based resistant 
cultivars including Katy, Drew, Kaybonnet, Madison, Cybonnet, Ahrent have been utilized 
(Zhou, et al., 2007). However, in 2004, epidemics were observed on the cultivar Banks in several 
fields in several different counties in Arkansas (Lee et al., 2005). Zhou et al., (2007) developed 
AVR-Pita-specific primers to monitor the presence of AVR-Pita. They found that the transposons 
caused instability of AVR-Pita and contributed to the overcome of resistance genes in Banks. 
Study of the AVR-Pita sequence among P. oryzae isolates from different rice-producing 
countries demonstrated the occurrence of partial deletions, complete deletions, frame-shift 
mutations and sequence variation (Dai, et al, 2010). This result presents evidence to support the 
hypothesis that AVR-Pita is under positive selection. However, one hypothesis is that AVR-Pita 
82 
may be unstable even in the absence of selection pressure. To examine this hypothesis, this 
research was conducted to evaluate the in-vitro stability of the AVR-Pita gene. 
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MATERIALS AND METHODS 
Source of Isolates 
Four P. oryzae isolates, each representing different haplotypes were used in this 
experiment, including haplotype 81F2 (#1), 75T51 (#5), 60/1 (#9), and 92M11 (#11) (Table 1). 
Every isolates have two replications.  
DNA Preparation  
 The isolates grow in 100 ml complete medium broth in 250 ml flask at 24 °C for 
producing mycelia. One small piece of mycelia was and transferred to another new 250 ml flask 
with 100 ml complete medium broth every week. The mycelia left were harvested, lyophilized 
and stored in -80°C for DNA extraction. DNAs extracted from 0-week-old mycelia were used as 
the control. DNAs that were extracted from 1, 2, 4 and 8 week-old mycelia for DNA sequence 
analysis. DNA of P. oryzae was isolated from frozen mycelia used the same method as described 
in chapter 1.  
Primer Design and PCR Procedure 
One pair of primers (YL169/YL149) was used to detect the existence of AVR-Pita. The 
sequences of the two sets of primers used for AVR-Pita gene amplification are as follow: YL169f 
5’ CGACCGTTTCCGCC’3 and YL149r 5’ TGACCGCGATTCCCTCCATT’ 3 (Zhou et al, 
2007). PCR amplifications were performed in 100 µl volumes containing: 66 µl sterile distilled 
water, 160 ng fungal DNA, 10 µM of each primer, 3.2 mM dNTPs, 8 mM MgCl2, 10 mM 
10×reaction buffer, and 4 unit of DNA Taq polymerase. For PCR amplification, Eppendorf 
thermo cycler (MJ Research PTC-100 PCR System) was programmed for 5 min at 94ºC; 35 
cycles of 30s at 94ºC, 30s at 60ºC, and 30s min at 72ºC; with a final extension period at 72 ºC for 
5 min. The PCR products were separated by electrophoresis on 2.0% agarose gels in 0.5× TAE 
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buffer, and were detected by staining with GR-safe and fluorescence UV illumination. Molecular 
weights of the bands were determined by comparison with a standard 100 bp molecular weight 
marker.  
DNA Sequencing and Data Analysis 
PCR products were then purified using a QIAquick PCR purification Kit (Qiagen) 
following the manufacturer’s instructions. Purified DNA was quantified in a Nanodrop ND-1000 
spectophotometer and sequenced at the University of Arkansas DNA Resource Center 
(Fayetteville, AR), using and Applied Biosystems BigDye Terminator Cycle Sequencing Kit and 
an automatic DNA sequence (ABR Prism 3100 Genetic Analyzer, Applied Biosystems). Each 
sample was sequenced twice by using either forward or reverse primer. Sequences were 
visualized in Chromas (Technelysium, Southport, Queensland, Australia), aligned using 
ClustalW2.  
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RESULTS AND DISCUSSIONS 
 The DNA sequencing analysis of the avirulence gene AVR-Pita revealed that sequences 
ranged between 840 and 900 bp in size. However, there was no variation in the sequence in AVR-
Pita detected between isolates examined at time 0 and the isolates examined after 8 weeks of 
incubation (Fig 1). Each product had been sequenced at least twice by using either a forward or a 
reverse primer.  
Previous studies demonstrated that DNA sequences of the AVR-Pita allele were highly 
variable in nature (Dai et al., 2010; Zhou et al., 2007). In the present study, we examined the 
hypothesis that DNA sequences of the AVR-Pita allele may also change when the fungus was 
grown in culture over a period of time. No DNA sequence changes were detected during the 8 
week culture period among the four isolates examined. In nature, the rice blast pathogen can 
evolve in response to the host. In this study, the fungus was grown in culture and therefore the 
selection pressure from the host was absent.  
 AVR-Pita was predicted to be under positive selection and mutations of AVR-Pita are 
responsible for defeating Pi-ta mediated resistance in the rice cultivars. Therefore, these findings 
demonstrate the stability of AVR-Pita in culture and may indicate that it only evolves under the 
pressure of selection in nature.  
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Table 1. Fungal isolates used in the study of structural stability of avirulence gene AVR-Pita in vitro. 
Isolate Haplotype Race
1
 
Origin  
Host 
Disease reactions
2 
                                  AVR-Pita  
Amplicon
3  
  Country Year M202 Katy Drew K1 Tetep 
60/1  #9 IC-17 U.S.  1992 Rice S R R — — + 
75T51  #5 ID-13 U.S. 1975 Rice S R R — — + 
81F2  #1 IC-17 U.S.  1981 Rice S R R — — + 
92M11  #11 IC-17 U.S.  1992 Rice S R R — — + 
1 
The race designation was determined in previous studies (Correll et al., 2000; Dai et al. 2010). 
2
 Cultivars Katy, Drew, Tetep and K1 have the resistant Pi-ta allele, M202 have the susceptible pi-ta allele. Disease reactions test 
were carried out in previous studies (Dai et al. 2010).  
3 The presence (+) or absence (-) of a PCR amplicon with AVR-Pita specific primers. PCR amplicon was determined in previous 
studie (Dai et al. 2010). 
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Fig 1. Partial sequence alignment of 842-901 bp of the avirulence gene AVR-Pita from four 
haplotypes of Pyricularia oryzae isolates generated using either forward primer Y149, or reverse 
primer Y169.  
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1
 Four isolates were designated as 1, 5, 9, and 11. 
2
 A and B are two repetitions of each isolate. 
3
 0 indicates that the sequence was obtained from the isolates at time 0 weeks; 8 indicates that the 
sequence was obtained from the isolates that had been cultured for 8 weeks. 
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CONCLUSION 
In this study, a total of 904 P. oryzae isolates were recovered from symptomatic rice 
cultivars in Arkansas during the 2009, 2010, and 2011 growing seasons. The isolates were 
evaluated for their genotypic and phenotypic diversity by using vegetative compatibility test, 
MGR586 DNA fingerprint, SSR marker, and virulence on a set of 40 commercial cultivars or 
advanced breeding lines as well as hybrid cultivars.  
Only three DNA fingerprint groups (Group A, Group B, and Group D) have been 
recovered in this study. VCG US-01 with a percentage of 61.3% clearly was still the most 
predominant group in Arkansas during this survey period. These data are consistent with 
previous observations (Correll et al, 2009). The genotypic data indicated that the VCG, MGR586, 
and SSR markers all demarcated the same four lineages found in the contemporary population. 
Phenotypic differences between lineages of P. oryzae from Arkansas were observed by using the 
pathogenicity test on a set of 40 commercial cultivars. Most of the isolates collected from 
hybrids showed a similar genotype and phenotype as the isolates recovered from conventional 
cultivars. However, three unique isolates had unique MGR586 fingerprints and could not be 
assigned to one of the know VCGs. One of the three isolates appeared to have a unique virulence 
phenotype and two of the isolates were not virulent on any of the rice germplasm tested.  
Stability of the AVR-Pita gene in-vitro was tested in this research. Examination of AVR-
Pita over an eight week in-vitro experiment indicated that the AVR-Pita sequence did not change. 
This result would support the hypothesis that the evolution of AVR-Pita is under positive 
selection under field conditions (Dai et al., 2010). 
Population analysis could continue to provide a better understanding of pathogen 
virulence evolution, assist in screening for disease resistance, and help develop strategies to 
breed for durable resistance to blast disease. 
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